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THE AMERICAN SOCIETY OF NATURALISTS 
COOPERATION IN SCIENCE’ 

As investigators in science a great bur- 
den of responsibility rests on us. What 
our sciences shall be in the middle of the 
century depends on how we build at the 
opening of the century. History shows 
this to be so. In the last century embryol- 
ogy attained its importance b<cause of the 
activity of its founders, including Wolff, 
von Baer, Kowalevsky and Balfour, while 
modern cytology received its “mpetus from 
the labors of such men ¢s *‘ol, Flemming, 
Hertwig and Mark. As we look to the 
work of these men, so the future investiga- 
tors will look back to us with a true and 
final judgment and determine our place 
in the development of our subjects. Weil 
were it for us if this decade, this year and 
this meeting were memorable for an in- 
creased devotion to the scientific interests 
of which we have become the trustees. To 
advance these interests we should do well 
to adopt principles which have worked suc- 
cessfully in other fields of activity. In 
the modern commercial world one of the 
most important principles is cooperation. 
Let us consider the development of coopera- 
tion in science to learn how it may be ad- 
vantageously applied further among nat- 
uralists. 

The ancient Greeks made investigation 
of nature primarily to illustrate their per- 
sonal systems of philosophy. This form 
of investigation, unhappily not yet wholly 
obsolete, is manifestly incompatible with 


* Annual address of president read before Amer- 
ican Society of Naturalists, December 29, 1906. 
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cooperation, which thrives better the more 
objective the method employed. Although 
Aristotle had a love of discovery, he and 
his followers were so scattered that at this 
period there was little opportunity for co- 
operation. With the development of as- 
tronomy and mathematics in the middle 
ages the number of centers of research 
multiplied and we find evidence of jealous 
rivalry between astronomers: for it was 
customary to announce discoveries in 
cipher, pending their confirmation or fur- 
ther study. If, in the meantime, the dis- 
covery was announced by another, the first 
published the key to his cipher and main- 
tained his priority of discovery. This 
cipher is, I presume, the ancestor of the 
modern preliminary notice. 

In more recent time astronomy, the best 
organized of the sciences, has led the way 
in cooperation. She has been almost 
forced to do so by the expensiveness of the 
equipment of an observatory and by the 
magnitude of the tasks before her. Con- 
sider, for example, the work of mapping 
the heavens, a work requisite for the even- 
tual determination of the movements of the 
stars, but of such proportions, however, that 
it could not be accomplished by one observ- 
atory alone, with the desirable thorough- 
ness, inside of one or two centuries. In the 
year 1887 an international congress of as- 
tronomers was called at Paris to consider 
cooperation in making a star-atlas and the 
adaptation of photography to the work. 
Eighteen observatories entered into the 
plan. The position of thousands of stars 
had to be determined directly by the merid- 
ian circle. It was necessary, also, to take 
over 44,000 photographs of parts of the 
heavens; a work involving great technical 
refinements. The star-atlas is now near- 
ing completion, sixteen volumes out of the 
twenty that are to appear having been 
already issued. This undertaking stands 
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as the greatest example of cooperation in 
the history of science. 

Other cooperative enterprises have been 
started by astronomers, such as making 
latitude determinations, and advancing 
solar investigations. Thus, last year, the 
International Union for Cooperation in 
Solar Research voted the following prin- 
ciples which, with certain changes, might 
well be adopted in other sciences: 


1. Cooperation is desirable in the various 
branches of solar research [as enumerated]. 
2. When an institution has collected and coordi- 
nated results from various sources, members of 
the union shall be requested to place their ob- 
servations at the disposal of the said institution. 
3. In the case of investigations which have not 
yet been thus collected and coordinated, special 
committees specially nominated by the union sha]! 
be charged with the work of preparing and carry- 
ing out the needful cooperation. 4. It is pro- 
posed forthwith to organize such cooperation in 
two branches of research: (a) the study of the 
spectra of sun-spots; (b) the study of the records, 
by means of the H and K light, of the phenomena 
of the solar atmosphere. 5. The committee lays 
special stress upon the fact that, notwithstanding 
the obvious utility of cooperation in certain cases, 
individual initiative is the chief factor in a very 
large number. It is as much the duty of the union 
to encourage original researches as to promote 
cooperation. 


The foregoing account shows that astron- 
omers have acquired the excellent habit of 
combining forces to carry through a large 
project. 

In certain other sciences, also, cooperation 
has long been practised. Thus in biology 
the collections of expeditions are usually 
worked over by many investigators who 
publish together in one series. The publi- 
cation of the results of the Challenger ex- 
pedition is one of the greatest examples 
of such cooperative work. These fifty thick 
quarto volumes, containing altogether 30,- 
000 pages of letter press and over 3,000 
plates, have been the work of scores of 
hands and the distribution of the labor was 
international. What is true of the Chal- 
lenger expedition is true also of a score of 
other large expeditions; indeed it is the 
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custom of systematic workers in different 
groups of animals and plants to cooperate 
without pay with any naturalist who may 
send them species for identification. 

The international congresses which in 
the past few years have multiplied so as 
now to inelude nearly all of the sciences 
have stimulated cooperative undertakings. 
The International Association of Academies 
has organized commissions in the geodetic 
and seismological survey of the earth and 
on terrestrial magnetism. In electricity 
there are international committees on elec- 
tromagnetic units and standardization. At 
a recent international meteorological con- 
gress cooperative work was initiated for 
the construction of a cloud atlas, also for 
studies on solar radiation, and no aero- 
nauties. The exchange between nations by 
telegraph of current meteorologic observa- 
tions is being constantly extended. The 
chemists have an international committee 
on atomic weights. The botanists and the 
zoologists have each an active international 
committee on nomenclature. The Inter- 
national Congress of Experimental Psy- 
chology has commissioned individuals to 
make comprehensive reports on special sub- 
jects. All the foregoing examples of the 
international congresses (of which others 
might be cited) involve much cooperation 
between men of science, who not only 
travel far to attend them but also work 
together in committees to further the in- 
vestigations of largest scope. 

The national societies involve, likewise, 
even though less strikingly, the spirit of 
cooperation. At this season of the year 
we prepare our papers with much pains, 
we leave our Christmas firesides and we 
travel great distances, spending freely of 
time and money, to advance these meetings 
that we believe to be for the common good. 
We meet together both formally and in- 
formally and we exchange very freely our 
ideas and discoveries. These meetings 
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illustrate in the most practical way the 
spirit of goodwill, reciprocity and coopera- 
tion of this holiday season. The only re- 
gret that we hear, the only limitation to 
satisfaction that we feel, is that the pro- 
grams are too full to permit of sufficient 
discussion and that several programs of 
common interest are running simultane- 
ously. This year, in the biological sciences 
at least, a distinct improvement has been 
made, in that the sections of the associa- 
tion have cooperated fully with the special 
societies by arranging joint programs. A 
further example of cooperation this year 
is the joint session of the zoologists and 
botanists for topics in heredity and plant 
and animal breeding, and there have been 
in recent years a few individual cases of 
participation by members of one society 
in the proceedings of the other. Such co- 
operation between biologists is so helpful 
that it leads us to inquire whether it ought 
not to be better organized. 

Let us consider for a moment the rela- 
tions that have existed between the botan- 
ists and zoologists. The early systematists, 
such as Ray and Linneus, included both 
plants and animals in their studies. Later, 
as species multiplied, the systematists of the 
two realms divided sharply. To-day we see 
the division carried still further on the 
basis of materials studied; so that we now 
have entomologists—lepidopterologists, co- 
leopterologists, etc., indeed—and concholo- 
gists, ichthyologists, helminthologists, and 
so on. These divisions are excusable only 
in systematic work. One can not but re- 
gret to see scientific men segregating them- 
selves on the basis of materials studied. In 
other sciences it is not so. To be sure, the 
chemistry of organic compounds assumed 
such importance some years ago that uni- 
versity chairs in that subject were organ- 
ized and even societies founded ; but I think 
it is true that no further segregation on the 
basis of material will take place in chem- 
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istry and that even now the group of 
‘organic chemists’ is dying out. The newer 
problems of physical chemistry know not 
the old boundaries. The sole unit of classi- 
fication of workers is the problem or sub- 
ject. 

So might it be in biology. The whole 
realm of living matter is one and indi- 
visible. The fundamental laws of action 
of protoplasm, no matter how diverse its 
form, are everywhere the same. A com- 
parative study of these laws on all sorts of 
material is necessary in order that the pri- 
mary and essential may be separated from 
the secondary and non-essential. For ex- 
ample, the cell-wall was long regarded by 
botanists as the essential part of the cell, 
until studies on animal tissues showed that 
it had a secondary significance and that 
nucleus and cytoplasm are of more general 
importance. No student of plant physiol- 
ogy ean fail to recognize how much modern 
concepts in that science have been influ- 
enced by studies on animals and even on 
man, while, on the other hand, the young 
science of general physiology of animals 
has received its true direction and impetus 
from studies on plants. In still other sub- 
jects we must recognize the identity of 
phenomena in the two kingdoms—little 
longer to be kingdoms, I trust, but soon 
united states. In both, processes of cell- 
division are essentially alike. Maturation, 
fertilization and cleavage of the egg differ 
only in illuminating secondary details; the 
general embryological principles are the 
same; the form is similarly restored after 
injury. Not less strikingly alike are the 
laws of fluctuating variability—since the 
delicate test of statistics shows no essential 
difference in the variation surfaces of 
plants and animals. As for mutation and 
inheritance, the warnings of some zoologists 
that the recent discoveries in plants should 
not be hastily applied to animals have 
fallen on deaf ears, for the fact is start- 
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lingly manifest that in all organisms these 
functions are identical. Even as producers 
of obscure diseases, plants can claim no 
distinction from animals. Within the last 
few years the number of disease-producing 
Protista that have animal affinities has in- 
creased by leaps and bounds until the very 
name of bacteriology threatens to become 
extinct. Pathogenic micro-organisms, with- 
out regard to their situation in the ‘realms,’ 
now constitute the material of the former 
bacteriologist. From all sides come force- 
ful facts, beating down the artificial barrier 
that systematists and anatomists have erect- 
ed athwart the field of biology. 

This barrier must go. Already there 
are comparative cytologists, students of 
growth and regeneration, biometricians, 
thermatologists and protistologists who 
have destroyed much of it. General phys- 
iologies are written that disregard the old 
boundaries. Societies are being founded 
which, like the American Breeders’ Asso- 
ciation and the Deutsches Gesellschaft fiir 
Ziichtungskunde, ignore the conventional 
dividing lines. Botanists and zoologists 
have gladly cooperated in these under- 
takings, having forgotten all minor differ- 
ences in the essential fact of being biolo- 
gists. The International Conference of 
Plant Breeders, held last summer, had for 
its president a noted zoologist. 

Colleagues, there are many biological 
matters which call for immediate coopera- 
tion. There is the matter of the regulation 
of changes in the nomenclature of our some 
half million of species. This nomenclature 
is a cooperative work of the first magni- 
tude, but is there any other instance of so 
large a cooperative undertaking with so 
little central control? This nomenclature 
is made up of the decisions of an army of 
men and women of the most varied learn- 
ing, judgment and experience. To qualify 
for the work of adding to or altering this 
nomenclature no notice is given, no exam- 
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ination as to fitness is passed, no license or 
certificate is obtained. Nowhere is a state- 
ment as to minimum training necessary. 
A decision once rendered in print is there- 
after to be quoted forever. The decision 
may, indeed, be reviewed and set aside, but 
the reviewing judge may be inferior in age 
and experience to the reviewed. Despite 
the fact that many of the judges are men 
of great learning and conservatism, the re- 
sult of this uncontrolled cooperation has 
been and is infinite confusion. Only a 
small proportion of us here have anything 
to do in making biological systematic no- 
menelature, but all of us have to use it. And 
we are tired of the reproaches of our no- 
menclatorial brethren that, in referring to 
some species, we have overlooked a (usually 
his) recent change of aname. As biologists, 
we are to blame not for having overlooked 
a change of name, but for permitting the 
names of species to be changed by the whim 
of any one. As biologists, we are respon- 
sible for systematic nomenclature. It will 
not suffice to disdain the species monger. 
We are responsible for his existence. We 
may seoff at the condition of our nomen- 
clature, but we can not forget that we per- 
mit it to be what it is and that here in con- 
gress assembled we could to-day take steps 
toward putting it on a rational basis. <A 
commission should be appointed composed 
of representatives of both sides of the 
house, which should work with other com- 
mittees already in existence, and which 
should report on the best method of con- 
trolling, here in America, the naming of 
species and the changing of established 
specifie and generic names. It seems to me 
clear that such a commission would seek in 
vain for a universal natural basis of spe- 
cies. Arbitrary rules must be made and 
enforced by outlawing new names not in 
accord with them. It is time to stop the 
changes and adjustments of names to meet 
different ideals. We have a nomenclature 
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which, in most groups, accords closely 
enough with nature for our purpose. Let 
us henceforth arbitrarily protect such a 
nomenclature. Some steps have been taken 
in this direction. As indicated above, the 
international congresses of zoology and bot- 
any have established certain very general 
suggestions as to nomenclature. American 
ornithologists have gone further and laid 
down the rules under which new species 
shall be created. They have even published 
a list of specific names which are to be 
recognized. The international congress of 
botanists last year approved a series of 
rules and recommendations, enacting that 
‘a name contrary to a rule can not be kept 
up.’ It passed a list of generic names, 
which, from long-established usage, are to 
be retained, though on the principle of pri- 
ority they should be rejected. This action 
is important, in my opinion, because it af- 
fords a precedent for establishing generic 
names by vote of a congress. While an 
American biological commission on nomen- 
clature is desirable, in order to begin the 
immediate consideration of reforms in our 
methods of naming species and to gain ex- 
perience, we should work toward a perma- 
nent international committee on biological 
nomenclature. 

Important though nomenclature is, it 
can not command the same interest as re- 
search. There are large undertakings in 
the field of general biology that require a 
more systematic cooperation than yet ex- 
ists. The greatest of these is the experi- 
mental study of the factors of evolution— 
experimental evolution, in brief. The sta- 
tion established by the Carnegie Institution 
of Washington has done something to enter 
into cooperative relations with workers in 
this field both in America and abroad. 
These associated workers would doubtless 
be very glad to serve as a committee to 
report to a society of biologists. 

The matter of the significance and con- 
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trol of sexual dimorphism is one of such 
moment that it might well be assigned to a 
special commission including both cytolo- 
gists and experimental breeders. The sub- 
ject of the physiology of ontogenesis, in- 
cluding experimental embryology, form 
regulation, and experimental morphology, 
is one in which American zoologists and 
botanists have made their country famous, 
yet the exploration of the subject has only 
been begun. The investigators should all 
come together from time to time to con- 
sider new lines of advance. As further 
examples of investigations needing coopera- 
tion I may mention the determination of 
biogeographic centers and the routes and 
means of dispersal; the basal instincts and 
reactions of organisms—but these will suf- 
fice as examples of subjects of common 
interest to all the biological societies; zoolo- 
gists, botanists, bacteriologists, anatomists, 
physiologists, thermatologists and psycholo- 
gists. Such subjects may not be left to the 
different societies separately. It is because 
none of the existing special societies can 
appropriately assume charge of these gen- 
eral biological topics that their interests 
have not been as much advanced as they 
ought to have been. Some attempt has 
been made to meet the need by occasionally 
arranging joint meetings between botanists 
and zoologists, and in the last two discus- 
sions of the naturalists a symposium has 
been held on some general biological topic. 
But it is clear that there should be a special 
society for the cultivation of these subjects. 

The American Society of Naturalists was 
established in 1883 as an association of 
professional naturalists. The original call 
was signed by fourteen persons, all but 
one biologists. Although many geologists 
joined the society later, most of them sub- 
sequently withdrew to concentrate their in- 
terests on the Geological Society of Amer- 
ica. Many other special societies have 
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sprung from the loins of the Naturalists, 
but, for the most part, the individual biolo- 
gists have clung loyally to the parent so- 
ciety. It has been suggested recently that 
the Society of Naturalists is an anachron- 
ism; that its interests are too diffuse; that 
we must concentrate now on the special 
societies; that, now her children are grown, 
the mother should die. With this view I 
do not agree. I have tried to show that 
there is not now less need but more of a 
synthesizing biological society with the fol- 
lowing aims: To arrange for an annual dis- 
cussion of some burning biological topic; 
to arrange with the special societies one 
session for technical papers of interest to 
both zoologists and botanists as well as 
biologists of other societies; to arrange, 
through the appointment of commissions 
from time to time, for cooperation in the 
control of biological nomenclature and for 
the cooperative study of certain large top- 
ics. Such commissions should be composed 
of those specially investigating those topics 
and should do what they can to encourage 
independent work also in these lines. They 
should report briefly each year to the so- 
ciety. 

Next year the Society of Naturalists will 
celebrate the twenty-fifth anniversary of its 
birth. Can it do so more fittingly than by 
arranging a series of brief reviews of the 
progress in the past quarter of a century 
of the larger cooperative undertakings in 
biology, with suggestions as to their better 
organization ? C. B. DAVENPORT 


THE BIOLOGICAL SIGNIFICANCE AND 
CONTROL OF SEX* 
THE NATURE AND SIGNIFICANCE OF SEXUAL 
DIFFERENTIATION IN PLANTS 
You will pardon me if in discussing the 
subject which has been assigned I take my 
* Five addresses given before the American So- 


ciety of Naturalists at Columbia University, New 
York, December 28, 1906. 
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illustrations chiefly from the forms person- 
ally familiar to me. The researches of the 
past few years have demonstrated sexuality 
in the ascomycetes, the rusts and the yeasts, 
and some would see sexuality in slime 
molds and even in certain bacteria and 
blue-green alge. At present one would 
hardly dare deny the possibility of sex in 
any group, however low in the scale of de- 
velopment. Processes so universally pres- 
ent among both plants and animals one 
would expect to have some significance in 
organic development and in the life of the 
individual. Yet very little is really known 
about the fundamental questions of sex. 
We do not know what constitutes a sexual 
process; what the real difference between 
male and female actually is; nor, finally, 
do we know what advantage, if any, the 
rather complicated sexual process has over 
other methods of reproduction. A muster- 
ing of the facts will enable one to say that 
apparently nothing is accomplished by sex- 
uality that ean not be equally well accom- 
plished by purely non-sexual methods of 
reproduction. 

The theory that the sexual union gives 
renewed vigor of growth would lead one to 
expect that forms that multiply exclusively 
by non-sexual methods would show signs of 
weakness and eventually die out. In fact, 
however, non-sexual forms are as vigorous 
as sexual ones. One could often wish that 
such were not the case when one finds cul- 
tures of sexual molds overcome in the 
struggle for existence by bacteria and non- 
sexual forms of Penicillium. It seems 
probable that a considerable number of 
forms among the flowering plants, of which 
the ubiquitous dandelion may serve as an 
example, have dispensed with the sexual 
method and reproduce parthenogenetically 
without signs of loss in vigor. Many ex- 


amples could be given of higher plants 
which have been cultivated since historic 
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times by non-sexual methods. During the 
last four years, the male and female races 
of a number of different species of the 
molds have been cultivated by means of 
non-sexual spores in separate test tubes 
where it is not possible for them to repro- 
duce sexually. In two species 115 non- 
sexual generations have been reached with- 
out apparent change in vegetative or sexual 
vigor. 

As to the variations which sexual repro- 
duction is supposed to favor or to check by 
a blending of male and female characters, 
it can be shown by horticultural records 
that plants propagated by cuttings or by | 
other non-sexual methods are less likely to 
vary than those grown from sexually 
formed seed. Yet distinct varieties do fre- 
quently arise non-sexually and are to be 
distinguished in no respect from varieties 
obtained from seed. 

There is great difference of opinion as 
to what constitutes a sexual act. Nuclear 
union apparently takes place previous to 
formation of so-called apogamous embryos 
in certain ferns and would seem to take the 
place of the typical sexual process. If graft 
hybrids are possible, as seems probable from 
recent investigation, we have in this asso- 
ciation of vegetative cells from two differ- 
ent individuals the blending of characters 
obtainable through the union of differen- 
tiated sexual cells. Nuclear fusions have 
been repeatedly observed in vegetative or- 
gans of higher plants. Moreover, by treat- 
ment with certain chemicals fusion nuclei 
may be obtained which divide with an in- 
creased number of chromosomes. When 
brought back to normal conditions the 
number is reduced to that usual to the 
plant. The phenomena have nothing to do 
with reproduction and may, therefore, be 
considered merely as a sacrilegious juggling 
on the part of the experimenter with the 
sacred x and 27—the gametophyte and 
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sporophyte—rather than as giving any 
evidence of sexual character. The experi- 
ments are interesting, however, in showing 
the extreme plasticity of the plant cell. 

There seem to be a number of different 
stages in a sexual act which may be passed 
through more or less independently of one 
another. Cell union in many forms is not 
at once followed by nuclear fusion. In the 
Desmids, for example, the nuclei do not 
fuse till the germination of the zygospores 
and in the rusts a whole life cycle is in- 
terpolated between the sexual union of cells 
and the fusion of nuclei. The fact that in 
certain hybrids the maternal and paternal 
chromosomes seem to retain their individ- 
uality throughout the whole plant up to the 
reduction division in the formation of the 
sexual cells, would indicate that delayed 
fusion of chromatic substance may be a 
common phenomenon, although generally 
less easily detected than in the rusts. 

Not only may cell and nuclear unions 
occur independently of each other, but a 
distinct sexual reaction may take place 
leading to the formation and approximation 
of the sexual elements, though not to their 
union. In the mucors, when a sexual race 
of one species is grown between the male 
and female races of a different species, the 
sexual reaction between the races of op- 
posite sex is shown by a white line due to 
the accumulation of imperfect hybrids. 
The reaction is sufficient only for the for- 
mation and mutual attraction of the con- 
jugative branches. The second stage—the 
fusion of the sexual cells—oceurs only 
when the opposite sexes belong to the same 
species and apparently can not take place 
between the opposite sexes of different 
species. 

In treating the evolution of sex, it is 
eustomary to confine the attention to the 
progressive differentiation of the gametes 
alone. Differentiation of sex on separate 
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individuals, whether or not accompanied 
by a differentiation in size of the gametes, 
would seem, however, to be the highest stage 
reached in the development of sex. The 
mucors may conveniently be taken as a 
basis of our discussion of this differentia- 
tion. There are comparatively few species 
in which the two sexes are united upon a 
single plant. If we assume this her- 
maphroditic group to be the more primi- 
tive, we have a progressive differentiation 
in two directions: first, to heterogamy, i. e., 
to a constant dissimilarity in the gametes; 
secondly, to a constant dissimilarity in the 
sexual plants themselves. The large ma- 
jority of the mucors have the sexes on 
separate individuals. Since the plants are 
capable of multiplication by non-sexual 
spores, a single sex may be indefinitely 
propagated non-sexually and the offspring 
thus obtained may be spoken of as male 
and female races. 

It is difficult to conceive of a blending of 
characters in hermaphroditie species when 
the gametes may come from the same 
branch, even if they are in some species of 
different size. In diccious species zygo- 
spores have been obtained from matings of 
male and female races which in one species 
eame from as diverse regions as China and 
Cambridge, Mass. In such forms the en- 
vironmental conditions under which the 
sexually opposite races have grown may be 
sufficiently different to furnish a basis for 
the advantages assumed to accrue from a 
blending of maternal and paternal char- 
acters in the offspring. 

The mucors form the only group of the 
lower cryptogams in which the presence of 
sexual races has been demonstrated. 

In plants a differentiation is more or less 
apparent into a stage bearing the gametes 
and a stage bearing the spores. The accom- 
panying figures represent diagrammatic- 
ally the sexua! character of these two stages 
in certain groups of plants. The stage 
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producing the gametes is the gametophyte. 
The stage arising from the germination of 
the zygote is the sporophyte. All forms 
which are hermaphroditic in the gameto- 
phyte are of necessity hermaphroditie also 
in the sporophyte. Every part of the 
mucor species Sporodinia, therefore (with 
perhaps exception of the sexual organs), 
contains both sexes. The same is true of 
some of the mosses and probably of all of 
the homosporous ferns. No representatives 
of this type exist among the flowering 
plants. 

Phycomyces is dicecious in its gameto- 
phyte. The zygospore formed by conjuga- 
tion of branches from male and female 
individuals produces at germination but a 
single kind of germ tube which gives rise 
to a sporangium containing both male and 
female spores. The sporophyte therefore 
is hermaphroditic. That the germ tube in 
fact contains both male and female char- 
acters may be proven by forcing it to grow 
directly out to a vegetative mycelium before 
the formation of spores. The growth thus 
obtained is distinctly different from either 
the male or female individuals character- 
istic of this species and shows its possession 
of both sexes by the fact that it produces 
both male and female spores as well as 
sexually formed zygospores. 

The liverwort Marchantia resembles the 
mucors in that its gametophyte is multi- 
plied by non-sexual reproductive bodies and 
in that the sex of the spores of the sporo- 
phyte is not apparent until after their ger- 
mination. I have been able to show that 
this liverwort corresponds to the Phy- 
comyces type and its sporophyte must be 
considered hermaphroditie since both male 
and female spores are found in a single spo- 
rangium. As with Phycomyces, the deter- 
mination of sex does not take place in the 
zygote but a sporophytie interval is inter- 
polated between the zygote and the germ 
sporangium where the segregation of sex 
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finally occurs. The heterosporous ferns 
illustrated by Selaginella differ from 
Phycomyces and Marchantia chiefly in the 
reduction in size of the gametophyte and 
in the fact that male and female spores are 
produced in separate sporangia. All four 
types discussed are diccious in gameto- 
phyte while hermaphroditic in sporophyte. 

Mucor Mucedo has the sexes separated 
on different individuals as in Phycomyces, 
but two different kinds of germ tubes are 
formed by the germination of its zygo- 
spores. While some germ tubes are male 
and produce only male spores, others are 
female and produce only female spores in 
the germ sporangium. The sporophyte as 
well as the gametophyte therefore is uni- 
sexual. The same is true of the diccious 
flowering plants represented by the poplar. 
There are no ferns of this type and none 
are known among the mosses, but the sexual 
differentiation in the latter group has been 
but little investigated. 

Forms like the bacteria apparently have 
not developed sexuality, others seem to 
have lost it. The loss may be permanent 
as in the habitually parthenogenetic forms, 
or merely temporary. Thus the sexual 
races of one of the mucors has been ren- 
dered temporarily neutral by cultivation 
for a few non-sexual generations at un- 
favorable temperatures and neutral races 
of several species have been found in na- 
ture. 

It is among the alge and fungi that the 
influence of external factors upon the 
method of reproduction has been most care- 
fully investigated. The limits within 
which growth is possible are further apart 
than those within which the formation of 
the reproductive bodies can take place. 
Plants will grow under conditions where 
they can not reproduce. Similarly the con- 
ditions for the formation of sexual and 
non-sexual reproductive bodies do not 
always coincide, the limits being narrower 
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for the sexual than for the non-sexual 
spores. In many instances the influence of 
the external factors has been more or less 
definitely determined and by varying the 
cultural conditions one may obtain either 
form of fructification desired. Thus in 
the hermaphroditic mold, Sporodinia, one 
obtains exclusively non-sexual spores on a 
substratum deficient in nutrient but may 
obtain the zygospores by increasing the 
concentration of the nutrient. 

Again, the conditions under which the 
male and those under which the female 
organs can form do not always coincide. 
We may illustrate this by the effect of the 
single factor light. The prothalli of homo- 
sporous ferns under minimum illumination 
may be brought to prolonged vegetative 
growth and thus the formation of both 
male and female organs be suppressed. 
When the amount of light is increased to 
a certain extent only male organs are pro- 
duced from these sterile prothalli. To ob- 
tain female organs they must be exposed 
to a still greater illumination. Such sup- 
pression of the organs of a single sex on 
plants normally showing both sexes is not 
to be confused with sex determination in 
the offspring of dicecious plants. 

There are a number of facts which are 
assumed to indicate that in all diccious 
plants one sex is dominant and makes its 
appearance while the other remains latent. 
Thus a female plant is considered not pure 
female, but is supposed to contain the male 
character in a suppressed condition though 
not capable of being brought to light by 
simple changes in external conditions. 
Male and female willow plants are fre- 
quently found with flowers of the opposite 
sex, and as has been already explained, an 
hermaphroditie condition has been pro- 
duced in Phycomyces which is normally 
dicecious. Moreover, by cultivating this 
hermaphroditic growth by transfers of the 
vegetative mycelium, it eventually loses its 
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hermaphroditic character and in a few 
mycelial generations is transformed into a 
male or female growth indistinguishable 
from one of the sexual races normal to this 
species. We know too little about what 
the fundamental differences between male 
and female actually are to be able to con- 
jecture in what way this suppression or 
elimination of one sex is accomplished. 
Especially interesting in this connection 
is the dicecious plant Lychnis dioica. This 
wild pink, which has the sexes on separate 
individuals, is subject to the attacks of a 
smut fungus which is able to fruit only in 
the anthers or male organs. If it attacks 
a male plant it fruits in the male organs 
already present, coloring them violet. If 
a female plant is infected which normally 
never bears male organs, the growth of the 
parasite in some way stimulates its host 
to the production of male organs within 
which it may form its spores. This forms 
rather a striking example from the plant 
kingdom of doing good unto those that 
despitefully use you. Attempts have been 
made to artificially influence the sex in 
this plant, but entirely without success. 
It seems undoubted that in sporophytes of 
some plants the appearance of one sex can 
be suppressed in a similar fashion to that 


. so well known for the prothaili of the homo- 


‘sporous ferns, but one is hardly warranted 
in assuming that in no forms the male 
and female individuals are ever sexually 
pure. The sex may perhaps be pure in 
the gametophyte while mixed in the sporo- 
phyte. 

Some would question the sexual purity 
even of the gametes themselves. If the 
gametes contain but a single sex their de- 
velopment without conjugation in herma- 
phroditic forms should give rise to uni- 
sexual individuals—the male gamete to 
male and the female gamete to female in- 
dividuals. Some experiments are in prog- 
ress which it is hoped will throw some light 


372 


upon the sexual condition of the gametes 
in certain of the molds. 

It is only by the further accumulation of 
facts in various groups of plants and ani- 
mals that we may at length be in position 
to determine what if any unifying prin- 
ciple there may be in this wide-spread phe- 
nomenon of sexuality. 


A. F. BLAKESLEE 
BOTANICAL LABORATORY, 
HARVARD UNIVERSITY 


THE BIOLOGICAL SIGNIFICANCE OF SEXUAL 
DIFFERENTIATION—A ZOOLOGICAL POINT 
OF VIEW 

Tue line of descent in multicellular ani- 
mals is through a continuous or discon- 
tinuous series of sexual generations. In 
the latter case, there is alternation of gen- 
erations, either of asexual and sexual or of 
parthenogenetic and sexual generations. 
So far as I know, the sexual generation is 
never absent in the first kind of alterna- 
tion; there are, however, some partheno- 
genetic species in which males have never 
been found, though the structure of the 
females, or the natural history of the race, 
proves the former existence of males. 
There is only one feature common to all 
forms of sexual reproduction, and that is 
the union of ovum and spermatozoon to 
form a single cell, which has the capacity 
of developing into a new individual of the 
species. The biological significance of sex 
must, therefore, lie in the process of fertil- 
ization ; and the interpretation of the fun- 
damental significance of fertilization must 
be the answer to our problem. 

Now fertilization is a more general phe- 
nomenon than sex itself, for it is character- 
istic of the Protozoa in the form of con- 
jugation; and it appears to be a growing 
conviction among students of Protozoa that 
conjugation is universal in this group. 
Fertilization brings about biparental in- 
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heritanece or amphimixis, and some have 
regarded this as its chief function, in view 
of the great importance of amphimixis for 
the process of evolution. But most zool- 
ogists regard amphimixis as a secondary 
function of fertilization, and find the chief 
significance of fertilization in the satisfac- 
tion of a periodic physiological need of the 
organism. The ovum usually _ requires 
fertilization as a stimulus to development; 
without it, in most animals, the processes 
of development either do not begin or soon 
cease. Observations on normal and arti- 
ficial parthenogenesis demonstrate that it 
is not an indispensable requirement for 
development; however, in most partheno- 
genetic species fertilization-need arises in 
certain generations that alternate more or 
less regularly with the parthenogenetic 
ones; and those parthenogenetic species in 
which males are unknown have descended 
from sexual species, and moreover belong 
to specialized groups on one side of the 
main trend of evolution. Among Protozoa 
there seems to be a periodic need of fertil- 
ization to maintain the capacity of the 
species for reproduction. 

We may then say, with the qualifications 
already indicated, that among animals at 
least the law of conjugation is as universal 
and imperative as the law of hunger. It 
is thus one of the most general of biological 
phenomena, with an element of obscurity 
in it that does not inhere in any other 
major problem of biology; for, as katab- 
olism is combustion, the need of hunger 
to incite the individual to the taking of 
food is obvious; as the individual survives 
by adjustment to its environment, it must 
possess irritability and motility; but why 
the same food that satisfies for so long fails 
ultimately to support ebbing vitality among 
Protozoa, why the line of descent in Meta- 
zoa should pass through sexual generations 
—this is the mystery of physiology; and 
that salvation of the race should reside in 
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the union of particular cellular individuals, 
has in it none of the obviousness of the 
individual’s preservation by the taking of 
food. 

The nature of the periodic need for 
fertilization has been differently conceived 
by different writers. Weismann believes 
that fertilization-need has arisen in the 
course of evolution in order to ensure the 
advantages of amphimixis to the race; it 
has no fundamental physiological basis. 
R. Hertwig propounds the hypothesis that 
there is an innate tendency to acceleration 
of the vital processes, due to the gradual 
adaptation of nucleus and cytoplasm in 
their copartnership, which proves gradu- 
ally harmful and ultimately fatal. Fertil- 
ization checks the acceleration by intro- 
ducing a foreign nucleus, unaccustomed to 
the protoplasmic milieu; but the new part- 
ners in the vital process gradually accel- 
erate the speed until a second fertilization 
again checks the dangerous pace. Fertil- 
ization thus marks the return to a state of 
stability from a state of extreme cellular 
lability. Herbert Spencer, on the other 
hand, regards the vital processes as tending 
towards a state of equilibrium or fixed 
stability; fertilization restores the labile 
condition of the cell. According to Geddes 
and Thompson, fertilization may be com- 
pared to mutual digestion and may have 
arisen from a nutritive want. ‘‘ With the 
differentiation of the elements on anabolic 
and katabolie lines, the nature of the fer- 
tilizing act becomes more definite. * * * 
The union of the two sets of products re- 
stores the normal balance and rhythm of 
cellular life.’’ 

The point of view that has been, perhaps, 
the most acceptable to zoologists was stated 
originally by Biitschli, Engelmann, Minot 
and Maupas, and was based primarily on 
the study of conjugation in infusoria. It 
was discovered that, during the series of 
asexual generations, there is a gradual 
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diminution of vitality expressed in a re- 
duced rate of division and in certain mor- 
phological changes that may be collectively 
designated senescent. Conjugation changes 
all this; senile processes cease, the division 
rate is restored. Thus conjugation ap- 
parently reverses the process of senescence, 
causes rejuvenescence. By an extension 
of this idea it was assumed that in Metazoa 
the fertilized ovum starts out charged with 
abundant vitality, which is, however, grad- 
ually exhausted, and the race is saved only 
by fertilization, which is here also inter- 
preted, by a reckless transfer of terms, as 
rejuvenescence. 

The majority of zoologists appear to be 
agreed that fertilization-need is a pri- 
mordial physiological condition, more than 
a mere adaptation to ensure amphimixis; 
and though there are weighty authorities 
on the other side, this point of view ap- 
pears to me to be right, even though the 
theories of the nature of the need and its 
satisfaction are inconsistent. The idea of 
Speneer is too indefinite to serve either for 
foundation of a more extensive theory, or 
as basis for observation and experiment. 
That of R. Hertwig is in opposition to so 
many known facts as to be untenable. The 
conception of rejuvenescence has a flavor 
of mysticism, and involves a confusion of 
ideas. It implies that the gametes are 
senescent before fertilization, but the only 
significance of the term senescent is in its 
application to the soma. That the germ- 
cells before fertilization are old, in the sense 
that tissue-cells become old, would be as- 
serted by no one. They are, on the con- 
trary, the spring of eternal youth, and all 
that can be asserted objectively is the neces- 
sity of fertilization for their continual 
functioning. 

Even in the case of Protozoa there is no 
reason for assuming that the part prin- 
cipally concerned in conjugation, the 
nucleus, is itself old; the cell-body un- 
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doubtedly becomes old, and after conjuga- 
tion it apparently resumes its vigor. But 
the latter process is more correctly inter- 
preted as renewal instead of rejuven- 
escence ; the old body is sloughed off a little 
at a time and gradually renewed after con- 
jugation from the germ-plasm, because it 
can not be cast off an entire dying body 
as in Metazoa. 

I believe that Weismann is correct in his 
contention that the conception of rejuven- 
escence has not a shadow of support among 
the Metazoa, indeed would never have been 
conceived from what we know about the 
Metazoa themselves; and also that the con- 
ception is baseless as applied to Protozoa. 
The conception of germ-plasm and soma is 
as necessary for Protozoa as Metazoa, and 
the conception of senescence is unmeaning 
as applied to germ-plasm. But Weis- 
mann’s conclusion that the Protozoa are 
potentially immortal does not follow; the 
protozoan soma is no more immortal than 
that of the Metazoa, and it is as little sub- 
ject to rejuvenescence. 

No theory of sex can be consistent that 
divorces the physiological significance from 
the causes of sex-differentiation. In the 
physiological significance, that is, in the na- 
ture of the fertilization-need, we must find 
the primary cause of sexual differentiation. 
Richard Hertwig has been one of the very 
few to recognize this axiomatic principle; 
but he nevertheless states two hypotheses, 
one of the physiological significance of fer- 
tilization, the goal and ultimate attainment 
of sex-differentiation, and the other of the 
causes of sex-differentiation itself, and 
these have no logical connection. The 
main value of Geddes’s and Thompson’s 
otherwise vague and unsatisfactory theory 
of sex lies in their appreciation of the con- 
nection between the physiological signif- 
icance and the causes of sex-differentia- 


tion. 
In Metazoa, fertilization is always select- 
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ive, 2. e., between unlike gametes. Ovum 
does not fertilize ovum, nor do spermatozoa 
conjugate. It is true that a phenomenon 
known as fertilization by the second polar 
globule has been described in a partheno- 
genetic egg, but it is altogether improbable 
that it has the physiological value of fertil- 
ization. In Protozoa, also, fertilization is 
often selective, i. e., between differentiated 
gametes, and there are various degrees of 
differentiation from conditions essentially 
similar to the reproductive cells of Metazoa, 
to relatively slight unlikeness of gametes; 
and the latter grades into the conjugation 
of like gametes, which seems to be the prim- 
itive condition. It is almost universally 
believed that selective fertilization does not 
exist when the gametes are alike; any two 
gametes may unite. It, therefore, follows 
that the fertilization-need is the same in 
both gametes (even when they are differen- 
tiated). And from this idea arises the in- 
consistency between theories of the sig- 
nificance and the causes of sex differentia- 
tion; for if the gametes are in the same 
physiological condition, their differentia- 
tion, and sex differentiation itself, can only 
be devices to secure gametic union. 

But there is an alternative point of view, 
viz., that fertilization may be always select- 
ive, even when there is no morphological 
gametic differentiation. I am convinced 
that only on such an assumption can a con- 
sistent theory of sex differentiation be con- 
structed. If gametes be physiologically 
different, even when they are morpholog- 
ically alike, then morphological differentia- 
tion of gametes follows naturally as an 
expression of these physiological differ- 
ences, and sex-differentiation as a further 
stage in the same process of evolution. 

Now Calkins has clearly demonstrated 
the probability that fertilization is select- 
ive even when the gametes are morpholog- 
ically alike. He showed that, in Parame- 
cium, one of the ex-conjugants in each case 
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has the greater vitality. He concludes: 
‘‘This indieates that there is a physiolog- 
ical difference between Paramecium gam- 
etes analogous to that existing between egg 
and spermatozoon.”’ 

It would seem that the view that species 
have periodic phases of inefficiency, cor- 
rected by fertilization, is well founded. 
But it is difficult to see how the union of 
two like inefficiencies may restore efficient 
functioning. I have much sympathy with 
Weismann’s strictures on the hypothesis 
that the union of two senescent beings may 
produce one rejuvenated being. But if we 
conceive fertilization as always selective, 
i. e., between physiologically differentiated 
gametes, then the fertilization-need must 
be different on the two sides; and this may 
be conceived in one of two ways: either 
the gametes represent plus and minus devi- 
ations, respectively, from the physiological 
mean, in which event fertilization might be 
supposed to be a reciprocal process; or one 
gamete may be supposed to act as stimulus 
and the other as the element stimulated, in 
which event fertilization would not be re- 
ciprocal, but one-sided. Now, fertilization 
in ciliate infusoria has always been sup- 
posed to be a reciprocal process, and the 
morphological phenomena are all in favor 
of this point of view; but Calkins’s results 
indicate that only one of the ex-conjugants 
is benefited; the fertilization is one-sided 
physiologically. 

In either event, union in the zygote 
would restore the physiological mean or 
condition of equilibrium, and the question 
would arise, how the differentiated condi- 
tions are subsequently produced. Nothing 
definite can be said about this at present; 
but it is obvious that the protoplasm does 
tend inevitably away from the condition of 
equilibrium towards one or the other dif- 
ferentiated condition; the direction of the 
tendency appears to be dependent on 
stimuli. 
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The objection may be raised that in some 
animals sex is certainly determined in the 
ovum at the time of fertilization, whereas, 
according to the point of view presented, 
fertilization is supposed to balance the 
physiologically differentiated conditions on 
which sex depends. Sexual determinate- 
ness of the fertilized ovum may, however, 
be interpreted to mean only that the sex- 
determining factors, primitively external, 
have been replaced by internal conditions 
in these cases. It is certainly not an illog- 
ical position that physiological neutrality 
in regard to sex may coexist along with 
internal conditions that absolutely restrict 
sexual differentiation to one direction. 

In his thoughtful and suggestive paper 
on ‘The Phenomena of Sex Differentia- 
tion,’ Watasé comes to the conclusion that 


The organism is either a male or a female, not 


_by the difference of primary sexual characters 


alone, but by the difference which saturates the 
whole of its entire structure. Such a difference 
is, however, neither absolute nor permanent. It is 
a temporary differentiation of protoplasm into one 
of two different directions, and sooner or later 
comes back to the original neutral or non-sexual 
state from which it started, thus manifesting the 
phenomenon characteristic of all protoplasmic ir- 
ritability, 

His point of view is instructive; there is 
a sexually indifferent stage of the organ- 
ism corresponding to the period of union 
of the germ-nuclei; sexual differentiation is 
a phenomenon of irritability or response to 
stimulus, which lasts throughout the life 
history of the growing organism; ‘and the 
recurrence of the irritable condition cor- 
responds to the production of the unicel- 
lular embryo.’ Sex differentiation is thus 
one of the phenomena of irritability, and 
it differs from other phenomena of this 
class only in the slowness of its rhythm. 

Watasé’s conclusions were based on the 
observations of Auerbach, himself and 
others, that the staining reactions of the 
egg and sperm nucleus are entirely differ- 
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ent during the earlier stages of their exist- 
ence, but that these differences disappear 
at the moment of feeundation. It has 
since been shown that the difference in 
staining reaction of the germ nuclei is 
probably of secondary significance only, 
but the view that a primary physiological 
difference between the germ-nuclei exists, 
is not necessarily excluded. 

The question has arisen whether we are 
to deny the old biological conception of 
a sexually indifferent stage in the life his- 
tory? It seems to me that this concep- 
tion is as necessary and fundamental to- 
day as it ever appeared to be, and that we 
can not depart from it without involving 
ourselves in absolutely hopeless theoretical 
difficulties. FRANK R. LILLIE 


UNIVERSITY OF CHICAGO 


SEX DETERMINATION IN RELATION TO FERTIL- 
IZATION AND PARTHENOGENESIS 


Ir is not an easy task to attempt a brief 
discussion of the relation of sex determina- 
tion to fertilization and parthenogenesis; 
for the fact may as well be admitted at the 
start that we are not yet in a position to 
make any general statement as to what 
that relation is, and it is my impression 
that the subject is not yet ripe for discus- 
sion. We are not yet, I think, in a posi- 
tion to conclude with certainty in any 
single case that fertilization can be con- 
sidered as a sex-determining factor, not 
even in the classical case of the bee. Even 
in cases which at first sight seem clearly to 
show that fertilization is such a factor, con- 
sideration will show that we can not, or at 
any rate have not, shut out the possibility 
that fertilization may be determined by sex 
rather than the reverse, There is the same 
uncertainty regarding the relation of sex 
production to parthenogenesis. There is 
no constant relation between these two 
processes, for the parthenogenetic eggs of 
a single individual may in the same species 
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produce females only, males only, or both 
males and females. Both fertilization and 
parthenogenesis, in fact, present us with a 
series of relations to sex production in 
which the common factor, if there be such 
a factor, still eludes us. 

There are two primary data which, I 
think, must be taken as our point of de- 
parture in any attempt to discuss these 
problems. ‘The first is the long-known fact 
that in a few cases, of which the best known 
are those of Dinophilus apatris and Hyda- 
tina senta, the eggs are visibly distinguish- 
able by their size as males and females, 
before fertilization or even maturation. 
Neither fertilization nor maturation, ac- 
cordingly, can here be a sex-determining 
factor. We only know, if the results of 
Maupas and Nussbaum on Hydatina and 
the more recent ones of von Malsen on 
Dinophilus be well founded, that in these 
cases the ratio between male eggs and fe- 
male eggs may be modified by conditions of 
temperature, or nutrition, or both, that 
affect the mother before the eggs are laid; 
but the true interpretation of this is still 
very far from clear. The second primary 
datum is that in many insects, and prob- 
ably in many other air-breathing arthro- 
pods, the spermatozoa are predestined in 
the constitution of their nuclei, as males 
and females, or better, male-producing and 
female-producing forms, in equal numbers. 
Here, however, our actual knowledge ends, 
so far as fertilization is concerned. We do 
not know in any single case whether the 
predestination exists in both eggs and 
spermatozoa in the same species. Until we 
ean be sure on this point it is almost idle to 
speculate on the subject; for if such a 
double predestination exists there must ob- 
viously be a selective fertilization, such that 
each form of egg is fertilized by the appro- 
priate form of spermatozoon; and if this 
be so, sex is not determined by fertilization, 
but fertilization by sex. Until this ques- 
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tion has been decided it will be hazardous 
to venture any conclusions as to the causal 
relation between sex and fertilization. We 
may, however, be quite certain that in 
parthenogenesis the egg alone is competent 
to determine sex; and for this reason one 
finds it difficult to avoid the feeling that 
this is likely to be true of eggs that are 
fertilized, even though we have direct evi- 
dence of this in only two or three cases. 
There is a certain amount of cytological 
evidence that such is actually the case, at 
least in the Hemiptera and Coleoptera, and 
probably in other forms that possess a pair 
of idiochromosomes or an odd chromosome. 
On the other hand, the strongest piece of 
evidence against this is, of course the long- 
standing one of the bee; yet even here one 
of several possibilities is that only those 
eggs are fertilized that are already pre- 
destined as females. This case, I believe, 
is not as yet closed. 

For the foregoing reasons it seems to 
me that our best hope of a successful at- 
tack on the problem lies in the study of 
parthenogenesis; though we are here still 
confronted by too complicated and puzzling 
an array of facts to be at present sur- 
mounted by any one interpretation. The 
limitation of time forbids any adequate 
review of these facts, and I must limit my- 
self to a single and, I fear, somewhat one- 
sided line of treatment. It seems to me 
that the most available stepping-stone to- 
wards the investigation of this problem is 
afforded by recently acquired evidence that 
sex production stands in some definite 
causal relation with the chromosomes and 
may be treated from the standpoint of the 
Mendelian phenomena, as interpreted by 
the Sutton-Boveri chromosome theory. It 
is certain that in many of the insects there 
is a particular pair of chromosomes that 
have a special and constant relation to sex 
production. There is perfectly clear evi- 
dence that the two members of this pair 
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couple in synapsis and are disjoined in the 
reducing division. There is very strong, 
though indirect, evidence that one of them 
enters a male-producing spermatozoon, the 
other a female-producing one. A _ very 
definite material basis, therefore, exists for 
a treatment of the sex characters as if they 
were Mendelian alternates, sex determina- 
tion, as opposed to sex heredity, being a 
matter of Mendelian dominance, more spe- 
cifically of chromosome-dominance. I 
think that apart from the specific evidence 
in favor of this view a strong a priori argu- 
ment in its favor is the approximate nu- 
merical equality of the sexes, which may 
be taken as the prevailing rule. The exist- 
ence of a pair of chromosomes that are 
specifically related to sex production, and 
in respect to which the gametes of both 
sexes fall into two equal classes, gives a 
simple and natural basis for an equal pro- 
duction of males and females if we assume 
that these chromosomes embody respect- 
ively the male-producing and the female- 
producing factors. In other words, these 
two chromosomes may represent the hered- 
itary bases of the male and female charac- 
ters, respectively; and their relations to 
each other in respect to dominance may 
condition sex determination as opposed to 
sex heredity. 

Let us briefly consider sex determination 
in parthenogenesis from this point of view. 
In the parthenogenetic egg sex might con- 
ceivably be determined either by elimina- 
tion from the egg of the male or female 
element in maturation, or by conditions 
that affect the relations of dominance be- 
tween the chromosomes. The hypothesis 
of elimination, which has been discussed 
especially by Castle and Doncaster, de- 
mands a reducing division, at least in case - 
of the sex chromosomes; and such a divi- 
sion is not known to occur without at least 
a temporary reduction in the number of 
the chromosomes. This view may perhaps 
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give a true explanation in certain cases; 
but formidable, if not fatal, difficulties 
stand in the way of its acceptance as a 
general principle of interpretation. In the 
case of the bee, for example, as Castle him- 
self pointed out, if it be assumed that the 
female element is uniformly eliminated in 
the maturation of the parthenogenetic egg, 
the female element must be reintroduced 
by the spermatozoon; but the spermatozoa 
are produced by males that arise from 
parthenogenetic eggs, which by the hypoth- 
esis have eliminated the female element. 
Castle ingeniously endeavors to meet this 
difficulty by taking refuge in the conclu- 
sion of Petrunkewitsch that the testes are 
not formed from the egg proper but from 
a fusion-nucleus formed by union of two 
polar nuclei, in which the female element 
is present; but until decisive evidence 
is available that the testes really have 
such an origin in the male bee it seems 
to me impossible to regard the explanation 
with anything but skepticism. But better 
and more direct evidence than this, free 
from any hypothetical element, is afforded 
by the observations on aphids, recently 
brought forward by Miss Stevens. If her 
conclusions are well founded, as they seem 
to be, in these animals no process of syn- 
apsis or reduction occurs in any of the 
parthenogenetic eggs, whether they pro- 
duce males or females; though the sexual 
eggs and the spermatocytes undergo reduc- 
tion in typical fashion. The principle of 
elimination here appears to be ruled out of 
court as a sex-determining factor, and it 
only seems possible to explain the result 
by the assumption that throughout the 
summer broods there is a uniform domi- 
nance of the female element, and that males 
are produced from eggs in which a reversal 
of dominance takes place. That something 
of the kind oceurs is indicated by the fact 
that both in aphids and in daphnids the 
same parthenogenetic mother may produce 
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both male and female offspring; and in the 
daphnids the condition in which this oc- 
curs is shown by the recent experiments 
of Issakowitsch to arise in response to a 
change of the environment. 

Whether similar considerations of domi- 
nance and recessiveness will afford a gen- 
eral explanation remains quite an open 
question, but they seem at least sufficiently 
plausible to be taken as a convenient work- 
ing hypothesis. By its aid we can work 
out on paper a formal explanation of the 
mechanism of sex production that will in- 
clude nearly all known eases, and will also 
include the determination of sex by ex- 
ternal conditions (if it be admitted that 
such a process takes place). It would not, 
I think, be profitable to go into such specu- 
lative constructions in detail here. They 
are but fireside dreams which may serve a 
useful purpose in the safe seclusion of 
the study, but really belong in the same 
limbo with the so-called ‘fool experiments’ 
which all of us at times secretly practise. 
I dare say the general view that I have 
briefly sketched will appear to some as only 
a restatement of the problem done over 
into the Mendelian jargon. I venture to 
think, however, that it is a little more than 
this. A real advance has been made if it 
has become possible to connect sex produc- 
tion with a definite nuclear mechanism that 
gives us a tangible handle by which to take 
hold of the problem. But I hardly need 
add that this should not be considered as 
giving more than a tentative point of at- 
tack. It is entirely possible that we are 
on a wrong track, that the so-called sex 
chromosomes are only associated in a defi- 
nite way with the sexual characters, and 
have in themselves no causative influence 
on sex production. The whole chromosome 
theory of heredity, for that matter, stands 
unproved before the judgment seat. I re- 
peat, therefore, that the subject is not yet 
ripe for discussion; and what we need now 
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is not more theory or discussion, but more 
observation and experiment. I believe that 
the chromosome theory as applied to the 
sex problem presents a sufficiently plausible 
face to be taken for a time as a guide to 
further examination of the facts. Per- 
chance the true explanation may be found 
on the way, even should our working hy- 
pothesis prove a false leader. 


EpmuNp B. WILSON 
CoLUMBIA UNIVERSITY 


SEX-DETERMINING FACTORS IN PLANTS 


Ir is generally agreed that no true sex- 
determining factors for plants have as yet 
been recognized, and naturally a botanist 
would hardly choose the topic which has 
been assigned to me in this discussion. 
Claims are, however, constantly made that 
this or that environmental influence has 
been observed to modify slightly at least 
the percentage of the sexes in diccious 
plants. The extensive literature of such 
experiments and observations was summar- 
ized very fully and critically by Stras- 
burger in 1900, and I need only allude to it 
here. 

A great variety of factors have been 
tested both singly and in combination, but 
without positive results. Conditions of 
nutrition, as to both kind and amount, have 
been exhaustively studied and reports of 
success in influencing the sex ratio by this 
or that fertilizer are constantly made, and 
quite as constantly fail of confirmation. 
Laurent has recently (1903) claimed that 
an excess of nitrogen or lime favors the de- 
velopment of males in spinach, hemp, etc., 
while potash and phosphoric acid favor the 
development of females, but his results are 
not convincing. 

Temperature, light and moisture condi- 
tions, relative age of parents, relative ma- 
turity of pollen, early and late planting, 
pruning, ete., have all been more or less 
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elaborately tested without achieving re- 
sults. 

Gallardo (1901) reported that wild fe- 
male plants of Dioscorea and Clematis, 
when transplanted into the botanic garden 
at La Plata, became hermaphrodite the 
next year, and the year following returned 
again to the female condition. The experi- 
ment was repeated the following year, with 
the same results, but it is hardly clear just 
what factor or factors were here concerned, 
and it is certain that transplanting gener- 
ally has no such effects. 

That the sex of seed plants ean be 
changed by environmental conditions is, 
however, further shown beyond the possi- 
bility of question by the case of the anther 
smut (Ustilago violacea) which infects the 
ecampion (Lychnis dioica L.). Here the 
fungus, when present in the female plants, 
regularly leads to the development of sta- 
mens and the suppression of the pistil. 
The capacity to develop stamens must, in 
this case, be assumed to be present in the 
female plant, and the fungus is able to 
induce the conditions necessary to their 
formation and the suppression of the pis- 
tils, and thus provide for the development 
of its own spores. Elaborate experimental 
attempts by Strasburger to duplicate on 
uninfected plants the effects produced by 
the parasite led, however, to no results. 

In the absence of positive data as to sex- 
determining factors in plants it may be 
well to note briefly some of the more con- 
spicuous facts as to sex differentiation with 
which the student of reproduction and 
heredity in plants is confronted. 

In plants at least sex-determining fac- 
tors are to be sharply distinguished from 
factors which lead to sexual as contrasted 
with asexual reproduction. We must be 
careful, in discussing the factors which 
may determine sex, to distinguish two ques- 
tions: first, as to the causes which lead to 
the occurrence of sexual cell fusion as con- 
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trasted with asexual spore formation, and 
second, as to the cause or causes of the dif- 
ferences which exist between the egg and 
antherozoid cells which fuse and of the 
secondary sexual characters of the individ- 
uals which produce these cells. This dis- 
tinction has not always been clear in the 
work of those who have studied the so- 
called cyclie alternation of parthenogenesis 
and sexual reproduction in animals. 

The interesting results obtained by Klebs 
and others on a wide variety of fungi and 
alge show conclusively that a very high 
degree of plasticity characterizes these 
plants as to the time of occurrence and 
relative predominance of asexual spore for- 
mation and sexual reproduction by cell 
copulations. Environmental stimuli and 
conditions of all sorts may determine 
whether the plant reproduces itself sexu- 
ally or asexually or merely continues vege- 
tative growth. We have in these simpler 
plants numerous cases like Penicillium in 
which sexual reproduction occurs only at 
very long intervals or not at all, while in 
many of the mildews, for example, a period 
of. asexual spore formation is quite regu- 
larly followed by sexual reproduction. 
The same differences are abundantly illus- 
trated in the alge. It is quite possible, 
however, as I have elsewhere pointed out, 
that the very apparent influence of en- 
vironmental conditions in determining 
whether sexual or asexual reproduction 
shall occur is, after all, only an accessory 
manifestation and that there is really a 
more fundamental series of cyclic changes 
in the organism which are primarily re- 
sponsible for the result. 

Functionally there can be little question 
that this cyclic succession of asexual spore 
formation followed later and under special 
conditions by sexual reproduction is equiv- 
alent to the alternation of parthenogenetic 
and sexual stages in the Aphides, ete. 
Asexual spores have the same advantages 
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for the rapid spread and multiplication of 
the plant as parthenogenetic eggs have for 
the animal. In both cases environmental 
conditions seem to play a large part in de- 
termining which stage shall occur at all 
or predominate, and in these environmental 
conditions there are probably two sets of 
factors to be distinguished. First, the fac- 
tors which lead to sexual as contrasted with 
asexual reproduction, and second, the fac- 
tors which lead to the differentiation of the 
male and female organisms and sex cells. 

It is quite clear in the case of the plants 
that reproduction by conjugation is by no 
means necessarily the fusion of visibly dif- 
ferentiated cells. It consists in its essen- 
tial nature and in its most primitive occur- 
rence merely in the union of two cells, 
whether like or unlike, in size, ete. The 
facts of heredity give, in general, no evi- 
dence that the gametes differ in any respect 
in their capacity to influence the offspring, 
and cytological data are in harmony with 
the assumption of the essential equivalence 
of the gametes even when their visible dif- 
ferentiation is most conspicuous. 

In the simpler plants this functional 
equivalence is paralleled by an entire re- 
semblance between the gametes in size, 
form, relative activity, ete. We may as- 
sume that there are inner and sexual dif- 
ferences between the gametes of Sporo- 
dinia, Mesocarpus, ete., but the assumption 
is based on no observable facts of structure 
and behavior and tends rather to mysticism 
than to an explanation of the phenomena 
of cell fusion. The changed relations of 
surface area and volume, and the known 
effects of an increase of the chromosome 
number on cells and nuclei may just as well 
be regarded as the first direct effects of 
conjugation, as the satisfaction of any mys- 
terious sexual affinity due to some invisible 
sexual differentiation in the gametes. 

The phenomenon of prepotency is also 
to be sharply distinguished from sexual 
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differentiation. I do not refer to such pre- 
potency as is characterized by plant and 
animal breeders as the power of certain 
individuals in a given cross to transmit 
their qualities to the offspring with the 
suppression of those of the other parent, 
but to the prepotency established by Dar- 
win’s classic experiments in cross pollina- 
tion and whose correlative is the partial or 
complete self sterility observed in so many 
hermaphroditie flowers. This prepotency 
is a very widely spread phenomenon among 
plants and appears almost with the first 
development of gametic fusions. It is a 
common fact among alge that even before 
there is any sexual differentiation between 
the gametes, the tendency to conjugation 
is very much stronger between swarm 
spores from mother cells of separated 
origin. 

Sex differentiation itself seems to arise 
in entire independence of this prepotency 
as an expression of the universal tendency 
to specialization of function with differ- 
entiation of structure, on the one hand, 
toward inereased motility with  rela- 
tively reduced size, on the other, toward 
increased size and storage of metaplasmic 
materials as is so perfectly shown in 
the Volvox series and many other groups 
of alge. 

As to the stage in the life cycle at which 
sex differentiation occurs, plants show the 
widest possible variety. Marchal has re- 
cently shown that the spores from a single 
capsule in some of the dicecious mosses are 
of both sexes, but that the sex of each spore 
and of the protonema and moss plants 
which come from it is fixed. It is quite 


possible that here sex differentiation is ac- 
complished in eonnection with the reduc- 
tion divisions and spore formation—the 
same stage as that at which the differential 
distribution of chromosomes is described 
for certain insects, but far removed from 
_ egg formation and fertilization. 


The stage 
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of sex differentiation in Equisetum may be 
the same as that in these mosses with dic- 
cious gametophytes. 

In the ferns and lycopods, however, sex 
differentiation is accomplished in the 
gametophyte. In the ferns the older and 
first formed regions of the prothallus pro- 
duce antheridia and later on the newer 
growth produces archegonia. In the het- 
erosporous fern allies Marsilia, Isoetes, ete., 
and in hermaphroditie seed plants, sex dif- 
ferentiation appears in the spore sacs and 
the asexual spores themselves. The gam- 
etophytes are thus unisexual and their sex 
is determined by the sex of the spores 
from which they come. 

In diecious seed plants sex differentia- 
tion apparently may occur in the egg so 
that the entire sporophyte is male or fe- 
male for its lifetime, but the determination 
here is of a rather indefinite sort, since a 
large proportion of such diccious plants 
have been reported as occasionally pro- 
ducing a few hermaphroditic flowers. The 
gametophytes in all seed plants are strictly 
and unchangeably unisexual. 

The flowers of hermaphrodite or perfect 
shrubs and trees offer a most interesting 
case of successively repeated sex determina- 
tions in the life of the same individual. 
With each succeeding blooming period the 
stamens and pistils are differentiated anew 
in the flower buds out of what must be 
regarded as the strictly non-sexual new 
cell growth of the year. Such hermaphro- 
ditism, requiring the operation of sex-de- 
termining factors with each successive sea- 
son, is sharply in contrast with that in 
animals in which the sex glands are fixed 
for life. 

Polygamous and polygamodiccious seed 
plants complicate the conditions still fur- 
ther, but it is sufficiently plain that no 
simple differential distribution of chromo- 
somes on Mendelian principles at the pe- 
riod of chromosome reduction could in any 
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way account for the conditions presented 
by the higher plants. 

The existence of dicecious races with a 
widely varying percentage of the sexes 
is also against the assumption that sex 
is transmitted as a Mendelian character. 
Heyer found the hemp plants about Halle 
showed a ratio of 100 males to 114 females. 
Fisch at Erlangen found the ratio was 100 
males to 154 females. 

The conditions noted as to the stage at 
which sex differentiation occurs, ete., sug- 
gest at least the universal presence in plant 
cells of the potentiality for development in 
the direction of either sex when the neces- 
sary environmental conditions are given. 


Ropert A. HARPER 
UNIVERSITY OF WISCONSIN 


SEX-DETERMINING FACTORS IN ANIMALS 


THERE are few biological questions that 
appeal more directly to the human race 
than whether the sex of the child can be 
determined by the external conditions 
under which the parents live, or whether 
the conditions are internal and, therefore, 
beyond the power of control. This prob- 
lem has been examined by the statistician, 
argued by philosophers, discussed by the 
naturalists and exploited by the quack. 
Theories of sex determination have flour- 
ished like weeds, and, while perennial, are 
apt to be like their prototypes, short lived. 
The history of these theories is, neverthe- 
less, full of interest and not without signifi- 
eance. Even a brief survey will bring out 
the salient points. 

Aristotle refuted the opinion of Anax- 
agoras that the male comes from the right 
side and the female from the left side of 
the father; that of Empedocles, who held 
that the temperature of the uterus influ- 
ences the sex of the offspring; and that of 
Democritus, who suggested that the excess 
of the male or of the female element is the 
essential factor. Aristotle, in turn,’ held 
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that the temperature of the germ-material 
determines the sex, for, he said, more males 
are born to young and to old parents than 
to those of middle life, because in youth 
the temperature of the body has not 
reached its maximum and in old age it has 
begun to abate. In recent years we find 
that one external factor above all others 
has been supposed to have an intimate rela- 
tion to sex determination, namely, nutri- 
tion. An experiment of Landois in 1867 
furnished the first erroneous evidence in 
favor of this view. He claimed that he 
could produce at will males or females of 
the butterfly Vanessa by regulating the 
amount of food. A similar conclusion was 
reached by Mrs. Treat and by Gentry in 
1873. Riley, Bessels, Briggs, Andrews, 
Fletcher, and Keliogg and Bell have shown 
that no effects of this kind are produced 
by starving or by feeding. At most there 
occurs a greater mortality of the female 
caterpillars through starvation, leaving 
more males alive. The futility of the ex- 
periment is now manifest, since it has been 
shown that the reproductive organs of the 
male and female are already laid down 
when the caterpillar leaves the egg. 

Equally inconclusive have been the ex- 
periments with the tadpole of the frog. 
The work of Born and of Yung has 
been upset by the experiments of Pfliiger, 
Cuénot and of Richard Hertwig. The 
earlier observers failed to take into account 
the great mortality of the tadpoles kept 
under artificial conditions, hence a possible 
source of error is present in their results, 
and the conclusions are unsatisfactory so 
long as we do not know whether in the frog 
one sex is more susceptible than the other 
to unfavorable conditions. Aside from 
this possibility there seems to be something 
very peculiar about the proportions of the 
sexes in these amphibians. 

Diising has applied the statistical meth- 
od of study to the proportion of males and 
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females in the human race, and has reached 
the conclusion that the nutrition of the 
parents is an important factor in sex de- 
termination. His conclusion may be seri- 
ously questioned, because other statistics 
have given contradictory results (those of 
Punnett, for example), and because it is 
apparent that so many other external fac- 
tors than food may be involved that the 
slight difference on which Diising based his 
conclusion may be due to other conditions 
than nutrition. If, in reality, nutrition 
were a factor in sex determination in man 
we should expect to find, I think, a far 
greater disproportion of males to females 
in the offspring of the rich and of the poor 
than Diising’s statistics show. If further 
evidence is needed it is furnished by the 
recent experiments of Cuénot with rats, 
and of Schultze with mice. Even extreme 
conditions of starvation and of feeding 
produced no effects upon the birth rate of 
males to females. 

If there were time we might pass in re- 
view the other external factors that have 
been supposed to account for sex deter- 
mination. It must suffice to state that in 
no instance has a good case been made out 
for any one of them. 

Our opinion in regard to the possible 
effects of external factors in sex deter- 
mination has been influenced by our 
knowledge of the changes that take place 
in the life cycle of certain animals— 
changes that appear at first sight to be 
associated with sex, but in reality may 
relate to another phenomenon. In two, 
possibly in three, groups of animals a 
change from the parthenogenetic to the 
sexual mode of reproduction appears to be 
associated with changes in the environ- 
ment. I may mention first the aphids, 
since I have studied the problem in this 
group. As is well known, parthenogenesis 
is the rule during the summer, but in the 
autumn the sexual forms appear. Cold 
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does not bring about the result and it is 
almost certain that the change is incited by 
food conditions. The important fact to 
note is that, although an external factor 
causes the appearance of the males, it does 
so by introducing a new method of repro- 
duction in which both males and sexual 
females appear. 

A somewhat similar result has been 
found in Daphnia, where, also, according 
to the recent results of Issakowitsch, lack 
of food causes parthenogenetic reproduc- 
tion to cease, aud both males and sexual 
eggs to appear. 

For the rotifer, Hydatina senta, Maupas 
has claimed that temperature regulates 
sex, while Nussbaum has tried to show that 
food is responsible for the result. Quite 
recently Punnett has discovered that the de- 
termining condition is not external at all, 
but that there are male strains and female 
strains, that give rise to their particular 
sex independently of the environment. 

In the light of the evidence that we have 
at present it seems probable then that, in 
the higher animals at least, sex is deter- 
mined by internal, not by external, factors. 
What the nature of the internal mechanism 
may be we do not know, but it is a curious 
and significant fact that in modern at- 
tempts to account for the nature of the 
change that takes place, the biologist finds 
himself trying once more to steer his course 
between the inevitable alternatives of pre- 
formation and epigenesis. The history of 
our science has shown, in fact, that pre- 
formation and epigenesis are two poles of 
thought between which speculation contin- 
ually and necessarily vacillates. 

One school, the preformationists, as- 
sumes that only the male or the female 
characters are carried by each egg or 
sperm, hence sex is preformed in the sense 
that its primordia are separated and come 
to lie in different germ cells. 

The opposite school, that of epigenesis, 
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assumes that all eggs and every sperm 
carry the potentialities of both sexes; there 


are no male and no female eggs, no male or 


female sperm, in the sense that each carries 
only one set of characters, but every germ 
cell is a sex-hybrid, and the fertilized egg 
is a double-barreled sex-hybrid. This view 
maintains that the sex of the embryo is de- 
termined by an internal condition that is 
present in the egg or sperm, which leads to 
the domination of one of the two possible 
alternatives. This is modern epigenesis 
as I understand it; predetermination, per- 
haps, but not preformation through the 
separation of contrasted characters. From 
this point of view we can imagine that sex- 
determination may be reached in more than 
one way. It may be due to conditions that 
are present in the sperm or in the egg, or 
as a result of the union of egg and sperm, 
for any internal, or even external, condi- 
tion, that turns the balance one way or the 
other is a sex determinant. 

It now appears probable that the prob- 
lem of sex determination is to be sought in 
the same mechanism that accounts for al- 
ternative inheritance in general, Mendelian 
or otherwise. Strasburger, Bateson and 
Castle have pointed out the close parallel 
that seems to exist between the two cases. 
In Mendelian inheritance also we have to 
face the alternatives of preformation and 
epigenesis. The currently accepted inter- 
pretation of Mendelian inheritance is strict- 
ly one of preformation. Alternative char- 
acters are treated as entities in the germ 
cells that may be shuffled, but seldom get 
mixed. With each new deal the characters 
are separated, one germ cell getting one 
character and another the contrasted char- 


acter. 

If we take the opposite point of view, 
that of epigenetic development, the out- 
come, wherever alternative or contrasted 
characters are involved, is not due to sepa- 
ration, but to alternative dominance and 
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recession, which need not give three types, 
but only two, if selective fertilization oc- 
eurs, or, if only the egg or the sperm con- 
tains the internal factor that determines, 
that one or the other of the alternative sex 
characters shall predominate. 

Which of these general points of view, 
preformation or epigenesis, we may think 
more profitable as a working hypothesis is, 
I believe, the question of the hour. My 
own preference—or prejudice, perhaps—is 
for the epigenetic interpretation, but the 
whole truth may lie somewhere between 
these two forms of thought that are the 
Seylla and Charybdis of biological specula- 
tion. THomas Hunt MorGan 

CoLUMBIA UNIVERSITY 


SCIENTIFIC BOOKS 


Abhandlungen weber theoretische Physik. 
Von H. A. Lorentz. Leipsic, B. G. Teub- 
ner. 1906. 

This work of Professor Lorentz is the result 
of a request of the publishers asking that a 
new edition of his articles on theoretical phys- 
ics be prepared. The first part of the first 
volume appeared in 1906, and the complete 
work will consist of two volumes. The titles 
of the chapters in the first part of the first 
volume will be given below, together with 
some remarks indicating the nature and scope 
of the work. 

Chapter I—Some Considerations on the 
Principles of Dynamics in connection with 
Hertz’s ‘ Prinzipien der Mechanik.’ Starting 
with the principle upon which Hertz causes 
the whole science of dynamics to rest, viz., 
that a material system moves with constant 
velocity in a path of least curvature, Professor 
Lorentz investigates the question as to how 
far the method of Hertz is advantageous if 
one disregards Hertz’s hypotheses concerning 
hidden motions and considers the system under 
the action of forces in the usual sense of the 
word. 

After presenting in his own clear and con- 
cise way the fundamental notions of Hertz, 
the author shows how they lead to the general 
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dynamical principles of d’Alembert, Hamilton 
and Jacobi, expressed in the familiar way; 
and concludes by discussing certain well- 
known propositions relating to holonomic sys- 
tems. 

Chapter II.—Ein allgemeiner Satz, die Be- 
wegung einer reibenden Fliissigkeit betref- 
fend, nebst einigen Anwendungen desselben. 
Proceeding from the fundamental equations 
of motion and the equation of continuity of 
a viscous incompressible fluid, the author de- 
rives a general reciprocal theorem expressing 
a relation between any two states of the fluid 
satisfying the fundamental equations of mo- 
tion. This theorem is shown to be capable of 
very extensive application, and is shown in 
operation through the consideration of several 
problems. 

Chapter I1I.—Ueber die Entstehung turbu- 
lenter Fliissigkeitsbewegungen und iiber den 
Einfluss dieser Bewegungen bei der Strémung 
dureh Réhren. In this chapter is found a 
discussion of the motion of a viscous fluid 
when the velocity has reached a value which 
has been called by Osborne Reynolds the ‘ crit- 
ical velocity.’ After this velocity has been 
reached turbulent motion may arise. The 
general equations of motion for an incompress- 
ible viscous fluid furnish the starting point in 
this investigation. The question as to whether 
or not turbulent motion arises is referred to 
that of the stability or instability of the regu- 
lar motion. Upon the regular motion small 
variations are imagined superimposed, the 
kinetie energy of which is found, and the time 
derivative of this quantity is used as a cri- 
terion of stability of the regular motion. 
Several particular cases which submit readily 
to extended discussion are then taken up, 
among them being the case of stationary mo- 
tion in a cylindrical tube. 

Chapter IV.—Les équations du movement 
des gaz et la propagation du son suivant la 
théorie cinétique des gaz. The discussion 
given in this chapter was apparently insti- 
gated by a criticism of Jochmann of the first 
paper of Clausius on the molecular theory of 
gases. In his criticism Jochmann remarked 
that it appeared difficult on the views of 
Clausius to account for the propagation of 
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sound waves. Professor Lorentz points out 
that Jochmann’s difficulty arose from his fail- 
ing to note that the element of volume with 


which the mathematical physicist deals is not 


infinitesimal in the rigorous sense of the word. 
He then proceeds to a general discussion of 
the subject, following in the main the methods 
of Boltzmann. 

Chapter V.—Ueber die Anwendung des 
Satzes vom Virial in der kinetischen Theorie 
der Gase. The equation of van der Waals, 
(p + a/v*)(v — b) R(1+ at), wherein p, v, 
¢ are, respectively, the pressure, volume and 
temperature of a gas and R, a, b are con- 
stants depending on the nature of the gas, 
is here the subject of discussion. This 
equation is derived from the so-called Prin- 
ciple of Virial first employed by Clausius. 
The principle is expressed by the equation 
>(X2+ Yy + Zz) =— Simw’, for the case 
of equilibrium, wherein X, Y, Z are the com- 
ponents of the total force acting on a molecule 
of mass m whose center of mass is given by 
the coordinates x, y, z, u is the velocity of the 
center of mass of the molecule, and the sum- 
mations are extended to all the molecules. 

Restricting himself to the case where the 
density is not too great, the author is led to 
the equation given by van der Waals. A sim- 
ilar restriction was tacitly made by van der 
Waals himself, who used, however, a somewhat 
different method in deriving his equation. 

Chapter VI.—Ueber das Gleichgewicht der 
lebendigen Kraft unter Gasmolekiilen. A 
criticism is made of an assumption made by 
Boltzmann in his treatment of the question 
of thermal equilibrium of multi-atomic gas 
molecules. Boltzmann’s assumption is, that 
in a collision between two molecules, whose 
states of motion may be designated by A and 
B, if A’ and B’ are the new states assumed 
after impact, then, conversely, if the two mole- 
cules hawe the states of motion A’ and B’ they 
can after collision assume the states A and B. 
The author takes exception to this general 
assumption and proceeds to give his reasons 
therefor. Then follows a simple proof that 


in the case of mon-atomic gases the distribu- 
tion of velocities given by Maxwell’s law is 
the only possible one. 


Finally a discussion of 
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the multi-atomic case is given, under a certain 
hypothesis, viz., that when the gas has assumed 
a stationary condition, for every group of 
molecules with a state of motion A there is 
another with the opposite state of motion 
A (—). 

Chapter VII.—Ueber die Griésse von Ge- 
bieten in einer n-fachen Mannigfaltigkeit. 
Here is found a short mathematical discussion 
leading to results which are of importance in 
connection with their bearing on the kinetic 
theory of gases. 

Chapter VIII.—Ueber die Entropie eines 
Gases.—In his treatment of the kinetic theory 
of gases Boltzmann was led to the considera- 
tion of a certain function, H, depending on 
the motion of the molecules, which in conse- 
quence of their collisions can only decrease. 
The author points out that for a stationary 
state the function —H and the entropy stand 
in close connection. He then proceeds to 
show how in processes which progress infinitely 
slowly this function behaves in the same way 
as the entropy function. 

Chapter [X.—Sur la théorie moléculaire des 
dissolutions diluées. On account of the sim- 
plicity of the laws of osmotic pressure and 
allied phenomena, Professor Lorentz has at- 
tempted with considerable success to derive 
them directly from kinetic theory without the 
aid of thermodynamics. The results of his 
investigations in this direction are the subject 
matter of this chapter. 

Chapter X.—Bemerkungen zum Virialthe- 
orem. This chapter is an article which ap- 
peared in the Boltzmann-Festschrift, 1904, p. 
721. A method is described, very similar to 
the ‘ Virial’ method of Clausius, which leads 
to the same results in the kinetic theory of 
gases. Application of the ‘ Virial’ theorem is 
made to the case of the motion of an electron 
in the field of an electric doublet. 

Chapter XI.—Ueber den zweiten Hauptsatz 
der Thermodynamik und dessen Beziehung zu 
den Molekulartheorien. This, the last chapter 
of the book, is by far the most extensive, com- 
prehending the last one hundred pages. The 
author claims to give here nothing essentially 
new, apart from the method of presentation. 
The clearness with which the subject is 
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treated, however, must appeal strongly to all 
readers. 

Professor Lorentz begins at the beginning, 
and treats concisely, yet comprehensively, the 
fundamental principles of the subject, and 
arrives shortly at the expression of the second 
law through the entropy function. The dis- 
cussion is limited practically throughout to 
the case of reversible processes. The thermo- 
dynamic relations of a general system of 
bodies are expressed through generalized par- 
ameters. The laws in connection with en- 
tropy, free energy and thermodynamic poten- 
tial are derived, particular stress being laid 
upon the importance of the free energy prin- 
ciple in the solution of problems. Applica- 
tions of this principle in the case of a perfect 
gas, and of liquid mixtures, are given in con- 
siderable detail; and the case of osmotic pres- 
sure is also worked out through this principle. 

The general conditions for equilibrium 
among any number of different phases of a 
system are derived by the method of free 
energy, also by the method of thermodynamic 
potential. Attention is called to the impor- 
tance of graphical methods in the treatment 
of various problems of phase relations. 

Perhaps the most interesting part of this 
last chapter is the section dealing with prob- 
lems of equilibrium by means of molecular 
theory. After some general remarks concern- 
ing the beautiful results obtained by treating 
the subject by the two methods, the thermo- 
dynamic and the molecular, the author makes 
the following cogent comment: “ Bei dieser 
Sachlage kann mann, wie mir scheint, kaum 
daran zweifeln, dass die beiden Betrachtungs- 
weisen, die thermodynamische und die moleku- 
lartheoretische, gleich berechtigt sind und dass 
wirkliche Wiederspriiche zwischen den beiden 
auf die Dauer nicht bestehen kénnen; einer 
Meinung, in der wir durch die Tatsache 
bestirkt werden, dass mann wenigstens einen 
Teil der Folgerungen, die sich aus den thermo- 
dynamischen Sitzen ergeben, auch molekular- 
theoretisch, mit Hilfe gewisser Vorstellungen 
iiber den Mechanismus der Erscheinungen 
begrunden kann.” A few examples showing 
the coincident results derived from the two 
methods are then given. 
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An extended discussion follows, showing 
how the second law of thermodynamics may 
be referred back to the principles of mechanics. 

As is readily seen from the above brief sur- 
vey, the various chapters of the book are not 
very intimately related; but at the same time 
the author in his arrangement of the subject 
matter has brought it into a form which ap- 
proaches as near to continuity as the diverse 
nature of the topics treated will admit. 

A. P. 


SOIENTIFIO JOURNALS AND ARTICLES 


The American Naturalist for February is 
an unusually good number. It opens with a 
description of ‘An automatic Aerating device 
for Aquaria,’ by Louis Murbach, which seems 
to be easily made and to work well. C. D. 
Durnford makes another interesting and (to 
most) convineing contribution to ‘The Fly- 
ing-fish Problem.’ As he says, an extra- 
ordinary thing about the discussion is the un- 
explained power therein of the negative to 
quench the positive. It may also be noted that 
while the ordinary fish kicks about when laid 
on a vessel’s deck that the flying-fish flaps its 
‘wings’ with great rapidity, ‘e pur st muove.’ 
L. B. Walton presents the first of a series of 
‘Contributions to Museum Technique. Cata- 
loguing Museum Specimens.’ It is greatly to 
be doubted if the detailed method advocated 
by Mr. Walton could be carried out in the 
average museum; it will be found praeticable 
only where the staff is large, or the collec- 
tions small. Also in a modified form (less 
sub-division and cross referencing) it has long 
been in use in various departments of the 
U. §S. National Museum. James Murray 
describes ‘Some South American Rotifers’ 
including a few new species and varieties. J. 
S. Kingsley discusses ‘ Meristic Homologies 
im Vertebrates,’ pointing out various diffi- 
culties in the way. To add another query to 
those propounded we would ask why there 
should not be an actual shifting of the pelvic 
girdle in long-bodied amphibians? We know 
that on one side the pelvis may be attached, 
say, to the twentieth vertebra and on the other 
to the twenty-first, and if half may shift why 
not the whole? 
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R. W. Shufeldt contributes an article on 
‘The Osteology of the Tubinares’ with a 
scheme of classification. Oddly enough the 
first taxonomic character assigned, the poses- 
sion of a large supraorbital, glandular fossa, 
is purely physiological and found in most sea 
fowl that dive. The gannets and cormorants 
which lack the supraorbital glands also lack 
nostrils and so have no need for them. 


The American Museum Journal for Feb- 
ruary notices the unveiling of the busts of 
American men of science recently placed in 
the foyer; the ‘ Exhibition of the Progress of 
Science,’ and the ‘ Expedition to the Desert 
of Fayoum, Egypt.’ This region has yielded 
so much that American paleontologists will 
await with great interest the results of Pro- 
fessor Osborn’s expedition. The number con- 
tains the table of contents for the Bulletin of 
the American Museum for 1906 and the lec- 
ture announcements for February and March. 


The Museums Gazette of Great Britain for 
January has an article by Dr. A. B. Meyer on 
‘The Structure, Position and Illumination of 
Museum Cases.’ As Dr. Meyer is the apostle 
of the iron case he naturally expresses him- 
self in favor of that material. The last word 
on the subject is, however, yet to be said, and 
only in a few instances has any attention been 
paid to making cases and their contents 
harmonize. When the millenium comes and 
the wicked architect ceases from troubling 
and the weary curator has something to say 
about the construction of museums the halls 
will be left plain and finished when it is 
decided what is to go in them; then case, hall 
and specimens will be in accord. The bal- 
ance of the number contains many notes and 
much information concerning museums in 
various parts of the world. 


Unper the title ‘From Stone to Steel’ the 
Horniman Museum, London, has issued a 
little handbook to the collections illustrating 
the ages of stone, bronze and iron. This, by 
H. S. Harrison, is a clear and concise state- 
ment of our knowledge of stone and bronze 
implements, will be most useful to curators 
and should be in demand by the public. It 
discusses the form and distribution of stone 
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implements, their various uses; the different 
methods of hafting and the processes em- 
ployed in their manufacture. The stone age 
in Europe is treated at length, with descrip- 
tions of the implements characteristic of dif- 
ferent periods and the arts and manner of life 
of the men who used them. There are chap- 
ters on the Age of Copper and Bronze, The 
Early Iron Age and Stone and the Metals 
Outside Europe. Also there is a glossary of 
terms and a list of books and papers dealing 
with man’s progress from stone to iron. 


SOCIETIES AND ACADEMIES 


THE AMERICAN CHEMICAL SOCIETY. 
NORTHEASTERN SECTION 


Tue seventy-fourth regular meeting of the 
Northeastern Section of the American Chem- 
ical Society was held in the Lowell Building 
of the Massachusetts Institute of Technology, 
on Friday, February 15, with President L. A. 
Olney in the chair. About seventy-five mem- 
bers were present. 

Dr. David T. Day, of the United States 
Geological Survey at Washington, D. C., ad- 
dressed the section upon ‘The Conditions of 
Occurrence of Platinum.’ 

The speaker began with a reference to the 
remarkable increase in price of platinum— 
about tenfold increase within the last four or 
five years; this is not due to largely increased 
demands, but has been brought about mainly 
through the combination of large dealers and 
hoarding of the metal by merchants and others. 
_ Platinum is always obtained by placer 
mining, and deposits of value are known to 
exist in the United States of Colombia, near 
Choco Bay, but the climatic conditions, and 
complications caused by government restric- 
tions, render it impracticable to expect an im- 
mediate development of the deposits. Plati- 
num was discovered on the Pacific coast of the 
United States at Pillar Point in 1850, but 
being much more difficult to recover from the 
sands, than is gold, in ordinary placer mining, 
development of these deposits was slow. De- 
posits have also been located in California in 
Ute County, along the Trinity River, at Mon- 
terey, and on the beach at Santa Barbara; 
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beach deposits occur on the coast of Oregon 
and Washington; in British Columbia along 
the Tulameen River, is a valuable deposit well 
situated for placer mining. 

Platinum occurs as an arsenide, sperrylite 
in many sulphide ores, such as those at Sud- 
bury, Ontario. It also occurs native with 
gold, magnetite, chromite, serpentine and other 
minerals in the black sands; here it is in ex- 
tremely fine grains, as a rule, but the char- 
acter of the deposit can be easily distinguished 
by the microscopical appearance of the grains. 
The modern methods of concentrating the 
sands have now made a sure supply and no 
real famine of platinum exists; but no good 
substitute for it has yet been found in the 
connections of the incandescent light bulbs, 
nor, indeed, in any other industry. The pres- 
ent supply of the metal is probably 100,000 
ounces per year, and the probable future de- 
mand is estimated at 200,000 ounces per year. 
If worked systematically, the known placer 
deposits could now supply 175,000 ounces with- 
out drawing on the sulphide or arsenide de- 
posits, and it seems unlikely that these ores 
will be worked until the placer deposits are 
exhausted. Several valuable by-products are 
now being thrown away after the gold is taken 
out of the black sand; the magnetite content 
probably averages twelve per cent. and this is 
capable of yielding excellent iron and steel by 
smelting in the electric furnace. 

The lecture was illustrated with lantern 
slides. In the discussion it was brought out 
that the value of the platinum in the black 
sands ranged from ten to fifty cents per ton. 
Professor Robert H. Richards contributed to 
the discussion a description of the black sands 
and the method of concentrating and collect- 
ing the fine platinum. The ordinary fire assay 
is practically useless where the value runs less 
than twenty cents per ton. But with the 
Wilfley table and magnetic separators, fol- 
lowed by an amalgamation process with mer- 
cury containing considerable sodium, the 
platinum and gold can be recovered. On re- 
moving the sodium by treatment with water, 
the platinum is practically all thrown down, 
leaving the gold behind in the amalgam. The 
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cost of the recovery depends on the costs of 
transportation, excavation and handling the 
raw sand. The total cost will probably av- 
erage at least fifteen cents per ton of sand. 
A rising vote of thanks was accorded to the 
speaker, and the meeting adjourned. 
Frank H. Tuorp, 
Secretary 


THE ST. LOUIS CHEMICAL SOCIETY 


Ar the regular meeting of the society on 
February 11, Mr. R. S. Sherwin presented a 
paper entitled ‘The Analysis of Fluorides, 
especially in regard to Calcium Fluoride.’ 
The speaker dwelt chiefly on the difficulties 
connected with the determination of the flu- 
orine, and the methods of overcoming the 
difficulties under various conditions. Mr. E. 
J. Ericson opened the discussion. He dealt 
chiefly with the determination of silica con- 
tained in fluorides. C. J. BorcMeyer, 

Corresponding Secretary 


THE GEOLOGICAL SOCIETY OF WASHINGTON 


Ar the 186th meeting of the society, on 
January 23, Mr. M. R. Campbell described 
informally some peculiar fine striations, re- 
sembling glacial strie, on one of the bedding 
planes in the Portage flags in a quarry at 
Watkins, New York. The strie are almost 
exactly parallel and absolutely straight for 
ten or fifteen feet, as exposed in the quarry. 
The surface of the rock shows the develop- 
ment of slaty cleavage normal to the direction 
of the strie. The appearance of the striations 
indicates that they are the result of movement, 
either of a glacier or of the overlying rock 
mass. In the vicinity of Watkins the hills 
rise 300 or 400 feet high, and consequently 
this particular bed of rock is overlain by an 
average thickness of 200 or 300 feet of strata. 
The objection to the hypothesis of rock move- 
ment is that in places there are cross strie at 
an angle of 20° or more from the principal 
lines. Seemingly this could not have been 
produced by movement in the rock mass, and 
the only other explanation that seems to apply 
is glacial movement, which, if true, would 
mean that a glacier invaded this region in 
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late Devonian time. This hardly seems pos- 
sible, and specimens of the striated rock were 
exhibited in the hope that suggestions would 
be offered regarding their mode of origin. 

Mr. Fred E. Wright exhibited an interesting 
aggregate of artificial copper and silver crys- 
tals prepared in the geophysical laboratory 
and formed in the upper part of a steel bomb 
lined with a silver-plated copper tube. Into 
the bomb 25 e.c. of water, 1 gr. ammonium 
chloride and 1 gram of tremolite had been 
introduced and the whole heated in an electric 
resistance furnace at 500° ©. (465-540) for 
three and one half days—the water being above 
the critical temperature and under a pressure 
of considerably over 200 atmospheres. The 
solution attacked the silver-copper tube near 
its base and redeposited the copper and silver 
in separate crystals in the upper and cooler 
part of the tube. In the lower, hotter part 
of the tube, particles of copper silver alloy 
and not separate crystals were observed. The 
inference was drawn that the aggregates of 
native copper and silver of the Lake Superior 
region, which are not alloyed, were formed at 
temperatures below 400°; a well-established 
fact deduced from abundant geologic evidence. 


Regular Program 


Artificial Magnesian-Pyroxenes and Amphib- 
oles; Mr. Frep E. Wricut. 

The results of an extended series of experi- 
ments on these minerals performed by Messrs. 
E. T. Allen, J. K. Clement and the speaker, 
in the geophysical laboratory of the Carnegie 
Institution of Washington, were described 
briefly, and obvious geologic conclusions de- 
duced therefrom. Four forms of magnesium- 
metasilicate were prepared artificially, and 
found to correspond respectively to monoclinic 
pyroxene, to enstatite and to monoclinic and 
orthorhombic magnesian amphiboles. The 
monoclinic pyroxene was formed in a number 
of ways, and although it closely resembles 
other pyroxenes, both optically and crystallo- 
graphically, it is easily recognized in the thin 
section by its polysynthetic twinning after 
the orthopinacoid and by the normal sym- 
metric position of its plane of optic axes. 
Measurable crystals of the other forms were 
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not produced, and their identification was 
accomplished by determining their physical 
properties—optical characteristics, specific 
gravity, hardness, etc. 

The conditions of formation of each of these 
four forms were described, and attention 
called to the stability of the monoclinic pyr- 
oxene form at all temperatures—the other 
forms bearing monotropic relations to this 
form. Above 1,250° both artificial and nat- 
ural enstatite change into the monoclinic 
pyroxene with evolution of heat. The stable 
form melts at 1,521°. The experiments show 
that temperature and viscosity are factors of 
prime importance in the formation of unstable 
bodies. Thus, from melts or from silicate 
solutions, the stable monoclinic form of mag- 
nesium metasilicate crystallizes at the highest 
temperature, enstatite next, and the amphi- 
boles probably lowest of all. From thin solu- 
tions the stable form is obtained at still lower 
temperatures, 800° to 1,000°, while from aque- 
ous solutions at 375° to 475° an amphibole 
results. The intergrowths of enstatite with 
the monoclinic pyroxene, and of the two am- 
phiboles, which were obtained in close resem- 
blance to those of nature, are cases of false 
equilibrium, and their occurrenee establishes 
the fact that it can not be assumed that all 
rocks or mineral aggregates are systems in 
true equilibrium. The study of the enstatite 
from the Bishopville meteorite indicates that 
it must have cooled very rapidly from a high 
initial temperature, and there is evidence that 
the same is true of other meteorites. The 
conditions of formation of the four forms of 
magnesium metasilicate are in accord with 
the mode of occurrence of the natural min- 
erals of similar composition. 


Local Glaciation in Maine; Mr. Freperick G. 


Cuapp. 
In various parts of Maine there are evi- 


dences of local valley glaciers of post-Wiscon- 
sin or late Wisconsin age. These are most 
pronounced in the vicinity of Mt. Katahdin. 
Several valleys in the northern slopes of that 
mountain are shown by the position of mo- 
raines to have been occupied by glaciers, and 
more extensive evidences are found through- 
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out the region southeast of the mountain. 
The indications consist chiefly in the existence 
of numerous moraines formed entirely of large 
granite boulders of the character of granite 
found only on Mount Katahdin. As the di- 
rection of glacial strie in northeastern Maine 
is directly south, and as the granite moraines 
are found both south and southeast of the 
mountain, the material is shown to have been 
deposited by glaciers of post-Wisconsin or late 
Wisconsin age moving outward and south or 
southeastward from Mount Katahdin as a 
local center. Further indications are fur- 
nished by the depth of weathering in some of 
the more sandy moraines situated farther 
from the mountain. The glaciers extended at 
least twenty miles from the mountain. Ref- 
erences were cited of descriptions of similar 
local glaciers in the White Mountains of New 
Hampshire, the Green Mountains of Vermont 
and the Katskill Mountains of New York. 


The Late History of the Lower Colorado 

River: Mr. W. T. Lee. 

The paper dealt mainly with the geographic 
and geologic features of the Colorado Valley 
from the mouth of the Grand Canyon to the 
Gulf of California. It was shown that the 
data, principally physiographic, warranted a 
subdivision of Tertiary and Quaternary time 
into epochs, the sequence of which is appar- 
ently clear, as announced by the speaker in 
the Bulletin of the Geological Society of 
America for 1906. Briefly stated, these epochs 
are as follows, given in order from youngest 
to oldest. 

1. Sedimentation—formation of flood plains. 

2. Erosion—during which the river cut 
through the Chemehuevis gravels. 

3. Sedimentation—accumulation of about 
700 feet of sands and gravels which extend 
from the Grand Canyon to the Gulf of Cali- 
fornia and are known as Chemehuevis gravels. 

4. Erosion—diversion of the river from its 
former course in Detrital-Sacramento Valley 
to its present course west of the Black Range, 
and the cutting of Boulder, Black, Mohave 
and Aubrey canyons to a depth of 2,000 feet 


or more. 
5. Sedimentation—wide-spread aggradation 
over the basin region. Deposition by the 


| 
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river of 2,000 feet or more of sand and gravel, 
known as Temple Bar conglomerate. 

6. Profound faulting and uplift of the pla- 
teau and erosion of Grand Canyon. 

7. Erosion—during which moderately ma- 
ture valleys were formed, the most conspicu- 
ous in western Arizona being Detrital-Sacra- 
mento Valley, presumably formed by the an- 
cient Colorado. 

8. Eruption of 3,000 feet or more of rhyolite 
and andesite. 

9. Erosion—formation of Mohave peneplain. 

10. Uplift and eruption of older andesite. 

11. Erosicn. 

After a statement of the evidence upon 
which the subdivision is based, it was shown 
that the epochs might be correlated with those 
of neighboring regions. The more recent ones, 
as given above, were compared with those of 
Lake Bonneville and the older ones compared 
with the epochs of erosion, uplift and volcanic 
activity of the plateaus. The marine sedi- 
ments of the Pacific Coast, while far from the 
region described, are divisible by unconformi- 
ties and changes in fauna into formations 
representing epochs of uplift and volcanic 
activity alternating with epochs of quiescence 
similar to those of the Colorado River region, 
and may, upon further study, prove valuable 
for purposes of exact correlation. 

In summing up the results of his studies, 
the speaker emphasizes the fact that in the 
Lower Colorado region, where fossiliferous 
strata are absent, so far as known, the se- 
quence of Tertiary and Quaternary events can 
be established from physiographic evidence; 
that the epochs established on this basis are 
comparable with those of neighboring regions; 
and that certain lines of evidence, especially 
the one relating to mid-Tertiary peneplaina- 
tion, give promise of definite correlation. 


ARNOLD, 
Secretary 


DISCUSSION AND CORRESPONDENCE 


FAKES AND THE PRESS 
On January 24 a paragraph, starting ap- 
parently from St. Louis, was disseminated 
throughout the country by the various press 
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associations stating that a sudden diminution 
in the flow of oil in the wells of south Texas 
and Louisiana had taken place immediately 
after the earthquake at Jamaica, accompanied 
by a corresponding increase in the flow of the 
wells of northern Texas and Louisiana. In- 
vestigation has shown that this statement is 
a so-called ‘ fake,’ namely, a lie perpetrated 
either as a joke or for the purpose of affect- 
ing business transactions in oil and land. 
The geologists whom the present writer con- 
sulted assured him at the beginning that the 
statement could not possibly be true, but he 
thought it worth while to endeavor to trace 
the matter back to its source. Of course the 
author is anonymous and unknown. Very 
few items in the daily newspapers appear as 
based upon the statements of responsible 
persons who are willing to vouch for their 
correctness. A newspaper is essentially a col- 
lection of the gossip and hasty impressions 
that have occurred during the day, set off in 
skilful headlines by the managing editor. 
The readers must therefore accept every state- 
ment with a grain of allowance. ‘ Newspaper 
science’ has come to be a byword of reproach, 
and we have on several occasions in the last 
twenty years exposed fake tornadoes, meteors, 
lightning and grossly exaggerated earth- 
quakes. In some cases like that of the present 
instance the newspaper report, by misleading 
investors, has a certain money value to the 
community, that is to say it can cause a loss, 
but no gain. It is analogous to a libel, but it 
is not clearly provided for by any law. It is 
a grave question whether Congress can not 
by some legal enactment check the publica- 
tion of all items that convey erroneous im- 
pressions relative to matters in which the 
whole community is interested. The com- 
munity has a right to protect itself from every 
species of crime. The law is made for the 
community, as well as for the individual. 
Can not some of our legal friemds devise a 
law that will check the publication of fakes or 
condemn the fakist to the insane asylum, as 
being a joker dangerous to the community! — 


C. A. 
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GASTROLITHS 


In a recent article entitled ‘ Gastroliths’* 
Dr. G. R. Wieland described some highly 
polished quartz pebbles, that I had shown to 
him, stating that they had been obtained in 
Colorado. This is an error. The pebbles 
came from the same locality as those obtained 
by him from Mr. Speers.” They were found 
in the Jurassic or Morrison formation of 
Montana near the Big Horn Mountains and 
were near, but not associated with, stegosau- 
roid dinosaur bones. It is noteworthy that 
some of these jasper pebbles were dug from 
the clay in this polished condition, showing 
conclusively that they had been polished either 
before or during deposition. Others had been 
uncovered by erosion. Associated with the 
polished stones were many of less brilliant 
colors that were unpolished. 

Mr. R. P. Whitfield informs me that he has 
seen quartz pebbles as highly polished as these 
at Spirit or Devil’s Lake near Baraboo, Wis., 
which had been polished by the action of the 
wind. However, in a collection of wind-pol- 
ished stones from New Jersey, preserved in 
the American Museum, all show faces and 
parallel angles that have been determined by 
the direction of the wind and position of the 
pebbles at different times. Some of these 
specimens are highly polished, but in no case 
showing the luster of the Montana specimens. 

In the contents of chickens’ gizzards I have 
found that pieces of glass subjected to its 
action for some time invariably have the edges 
rounded, while the faces are etched, entirely 
lacking the former polish. On the other hand, 
hard quartz pebbles found within the body 
cavity of a Moa show polish and considerable 
luster. 

The unusually high polish of the Montana 
pebbles does not seem satisfactorily explained, 
either by the action of the wind or pressure 
of the clays. But, notwithstanding their 
proximity to scattered bones, there does not 
seem sufficient evidence to assume that these 
stones had been swallowed by dinosaurs as 

‘ Scrence, N. S., Vol. XXV., No, 628, pp. 66-67, 
January 11, 1907. 

* Tbid., N. S., Vol. XXIII., No. 595, pp. 819-821, 
May 25, 1906. 
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were the stomach stones of Plesiosaurs,’ 
There is, however, an example nearly as well 
established for the herbivorous dinosaur Clao- 
saurus of the Laramie formation. 

In 1900, while collecting fossils in Weston 
County, Wyoming, which is a continuation 
of the Converse County beds, I found a Clao- 
saur skeleton imbedded in a hard concretion- 
ary sandstone. In chipping off the surplus 
stone three rounded well-worn pebbles were 
found near the fore legs, embedded in the 
same matrix. These specimens were preserved 
and the occurrence made note of at once, for 
similar stones had not been seen anywhere in 
the deposit. These pebbles are rounded and 
vary in size, the largest measuring nearly 
three inches across. They resemble those 
found with plesiosaur remains and are pol- 
ished to about the same degree. 

It would be interesting to know what per 
cent. of acid is contained in the stomach of 
such birds as the Ostrich and Rhea. 

Barnum Brown 

AMERICAN MUSEUM OF NATURAL HIstTory, 

February 1, 1907 


SPECIAL ARTICLES 


RECONNOISANCE OF A RECENTLY DISCOVERED 
QUATERNARY CAVE DEPOSIT NEAR AUBURN, 
CALIFORNIA 


Ir was recently my good fortune to be sent 
by Professor J. C. Merriam to investigate a 
cave which had been brought to his notice 
through Dr. J. C. Hawver, of Auburn, Cali- 
fornia. Professor Merriam has since visited 
the cave and has kindly turned his notes over 
to me. In recognition of Dr. Hawver’s vigor- 
ous prosecution of the work of cave explora- 
tion in this region we have named the cavern 
Hawver Cave in his honor. 

Hawver Cave is situated about three miles 
due east of Auburn, Eldorado County, Cali- 
fornia. It is in one of several lenses of lime- 
stone in the Calaveras formation of that re- 
gion. The trend of the lenses is north and 
south and the fissures in the limestone extend 
in the same direction. The entrance of the 
cave is on the top of the knoll a little south 

*Ibid., N. S., Vol. XTX., No. 501, pp. 184-185, 
August 5, 1904. 
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of the Middle Fork of the American River. 
Its elevation above sea level is 1,300 feet and 
its elevation above the river at this place is 
about 650 to 700 feet. 

A perpendicular crevice gives access to the 
first part of the cave. The opening is partly 
filled with angular limestone fragments and 
red dirt to within about eight feet of the top. 
From the entrance the slopes extend down in 
a southerly direction for approximately forty 
feet. At this point two irregular, narrow 
openings give access to a well-like grotto 
twelve feet deep. From this grotto a small 
circular hole leads to the main portion of the 
cave. To reach this a rope is fastened in the 
grotto and lowered through the circular open- 
ing to a depth of twenty-two feet. The rope 
drops vertically, hanging free from the walls 
of the inner cave, and the lower end is imme- 
diately over a small subterranean lake. Near 
the end of the rope is a narrow tunnel about a 
foot above the water. This extends south for 
about six or eight feet, where another pool is 
encountered. Here a raft, consisting of an 
air mattress, is called into service, and pad- 
dling across the water for thirty feet a land- 
ing can be made on a mud-covered bank. 
From the south edge of the water and running 
in a southerly direction for approximately 
fifty feet is a tortuous series of narrow pas- 
sages leading into grottos of varying dimen- 
sions; some of them are very large. These 
grottos and narrow passageways appear to be 
the extensions of an open fissure that has been 
widened by water and weathering. At one 
time the fissure was loosely filled with pieces 
of limestone and dirt, and the water running 
through has cemented it with a deposit of 
lime, forming a breccia which covers most of 
the irregularities of the fissure walls, and fills 
in small openings and grottos where the con- 
ditions are favorable. The distribution of the 
breccia indicates that the former filling of the 
present open spaces has sunk or been washed 
to a lower level now covered by water. 

The cave is evidently at present in an active 
stage of growth, as there is a perceptible cur- 
rent in the water. The work of carving its 
walls and openings by taking the lime in solu- 
tion and carrying it away is now going on. 
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It differs in this respect from the Shasta caves 
which have been explored, in that the latter 
have attained their growth and the Quater- 
nary openings have been sealed many years. 
The surface conditions above Hawver Cave 
by sinks and numerous small openings show 
where the old fissure was. 

Since the recent removal from the cave of 
the fossil specimens now in the University 
Museum the water has risen to such a height 
that it is impossible to enter the grottos con- 
taining the bones. This rise in the water 
level has taken place since the last rains and 
demonstrates that the presence of pools in the 
cave is due to seepage and rivulets from the 
high ground above. It also shows how the 
fissure contents have been loosened by leaching 
at times of high water and allowed to sink to 
a lower level. 

Fossil remains are numerous, considering 
the small space they occupy. The bones are 
imbedded in the breccia lining the walls and 
filling the small openings. High up on the 
roof blocks of stone have lodged and choked 
the fissure, and tumbled among the stones are 
limb bones and other skeletal elements of dif- 
ferent animals, wedged in and cemented by a 
film of stalagmite. The bones are in a perfect 
state of preservation. In some specimens in- 
filtration has taken place. 

The remains have every appearance of being 
gradually accumulated in the fissure by fall- 
ing and washing in from the surface, probably 
in part through the agency of rivulets. As 
has been noted from investigation in some of 
our northern caves, the animals probably used 
hollows or large crevices in the rocks as re- 
treats and places in which to eat their prey. 
Numerous bones were accumulated in this 
manner, and were in an excellent situation to 
be entombed in the crevices of the limestone. 

But few bones have been removed so far, 
though enough are known to indicate the age 
of the deposit and give promise of a rich 
fauna. 

The most conspicuous of the remains are 
some excellently preserved Megalonyx bones; 
these consist of vertebre, limb bones and a 
tooth. Also the remains of a cougar (Felis 
hippolestes ?) and of a horse (probably Equus 
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occidentalis). Many rodent remains are pres- 
ent, notably those of Aplodontia. 

The fauna, so far as known, differs from 
that of the Shasta caves in the absence of the 
peculiar goats, Huceratherium and Prepto- 
ceras, and of the deer. As far as our knowl- 
edge goes at present, the split bones so numer- 
ous in the northern caverns are relatively 
scarce in Hawver Cave. A fuller collection 
will throw more light on this point, and will 
give us a better knowledge of the relation of 
this fauna to that of other caves in this state. 


Eustace L. Furiona 
UNIVERSITY OF CALIFORNIA, 
BERKELEY, CAL. 


CURRENT NOTES ON LAND FORMS 


CHANGES OF LEVEL IN YAKUTAT BAY 

Tue deformed shorelines of the Yakutat 
Bay region in Alaska as described by R. S. 
Tarr and L. Martin in ‘ Recent Changes of 
Level in the Yakutat Bay Region’ (Bull. 
Geol. Soc. Amer., XVII., 1906, 29-64) reveal 
recent and extraordinarily rapid and great 
changes in land level. The region is one 
whose general features were already known 
through the studies of Russell (1890) and 
Gilbert (1899), both of whom include mention 
of the precipitous shores in their general de- 
scriptions. 

In September, 1899, three months after the 
Harriman expedition, of which Gilbert was a 
member, a series of violent earthquakes oc- 
curred in Alaska. The shocks are now found 
to have been associated with displacements 
that produced uplifts of from seven to ten feet 
on the southeast and of from forty to forty- 
seven feet on the northwest side of Yakutat 
Bay. The uplifts seem to have occurred 
within a little over two weeks and mainly on 
a single day, September 10, 1899. There 
were movements in other parts of the region 
besides Yakutat Bay, but to a less extent, and 
in some cases there was depression instead of 
elevation. 

The physiographic effects of uplift are 
clearly preserved in the form of elevated 
beaches with fans and deltas of moderate size 
in bays, and of elevated narrow rock benches 
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with sea caves and chasms cut in the head- 
lands. Several new reefs and islands have 
appeared in consequence of the change of 
level. In some localities the elevated beaches 
are as clearly preserved as if they were merely 
exposed at low tide; elsewhere they have been 
partly dissected, the degree of preservation 
varying with height above present tide, posi- 
tion with respect to drainage from the land, 
and effectiveness of present wave attack. At 
almost every stream mouth there is an ele- 
vated fan or delta, its front nipped away by 
wave action after uplift and its top dissected 
by the now intrenched stream. In some cases 
the frontal nipping has been checked by new 
deltas built seaward from the new shoreline. 
The amount of land gained from the sea is 
very small in consequence of the former steep 
submarine slope imposed by previous glacial 
erosion upon mountain sides that may have 
been initially steep from faulting. It is evi- 
dent that even the pre-earthquake stage of 
shore-line development was very little ad- 
vanced, so small was the modification of land 
form along the line of sea action: the post- 
earthquake development is perceptible only on 
loose material; the rock slopes do not yet ap- 
pear to be cut at the new water level. 
& 


THE TIAN SHAN PLATEAU 


Recent explorations of the Tian Shan 
Mountains of north-central Asia have shown 
that a considerable part of their area consists 
of highlands of moderate relief, locally known 
as Syrt, at an altitude of 3,000 or 4,000 
meters, above which various mountains rise 
and beneath which numerous valleys are 
deeply entrenched. The rocks of the high- 
land are for the most part granites and other 
erystallines or deformed Paleozoic strata, 
across which the highland surface passes in- 
differently; but Tertiary deposits occur here 
and there, and the higher areas bear signs of 
glaciation. One of the first explorers to give 
an appreciative account of the plateau-like 
highlands was M. Friederichsen, now of Gét- 
tingen, who in 1902 accompanied Saposhnikof, 
botanist of Tomsk, into the district west of 
Khan Tengri, the great dominating summit 
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of the region, and southeast of (Lake) Issik- 
kul, where the Syrt is well developed. In his 
‘ Forschungsreise in den zentralen Tién-schan 
und Dsungarischen Ala-tau’ (a work of 311 
pages constituting volume XX., Mitt. Geogr. 
Gesellsch. Hamburg, 1904; see pp. 87, 91, 
121), he describes several gently rolling, grass- 
covered highlands, the flatness of which sur- 
prised him; but he gives no explicit explana- 
tion of their origin other than referring them 
to an ‘apparently long period of continental 
development’ (p. 157) without specifying the 
conditions which subsequently brought about 
their deep dissection. Similar surfaces of 
degradation, now slanting at such inclination 


Fie. 1. The Ishigart range in the Tian Shan, 
from photograph by Friederichsen (Pet. Mitt., 
1906, Heft III.). 


as to be sharply dissected by narrow valleys, 
are described (pp. 198, 206) by the same au- 
thor in various mountains—or blocks, as one 
might say—of the Ala-tau, the northern out- 
lying members of the Tian Shan system, but 
again without explicitly explaining why the 
earlier process of even degradation had been 
followed by sharp dissection (p. 216). In an- 
other article (‘ Beitrige zur Morphologie des 
centralen Tién-Schan, Verh. XIV., Deut. 
Geogr’tages, 1908, 35-42) Friedrichsen briefly 
considers the possibility of dislocation of the 
degraded surfaces, preliminary to their dis- 
section. 

In 1903, E. Huntington crossed the Tian 
Shan from Issik-kul to Kashgar, and de- 
scribed the highlands as parts of an uplifted 
and partly dissected peneplain (‘A Geologic 
and Physiographic Reconnaissance in Central 
Turkestan,’ in Pumpelly’s ‘Explorations in 
Turkestan,’ Carnegie Inst., pub. No. 26, 1905, 
159-216; see pp. 167, 171), an opinion in 
which the undersigned fully concurred (‘A 
Journey Across Turkestan,’ Ibid., 23-119; see 
p. 73; also ‘A flat-topped range in the Tian 
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Shan,’ Appalachia, X., 1904, 277-284). Parts 
of the same peneplain were believed to be 
recognizable in the even back-slope of several 
isolated ranges near Issik-kul, which were ex- 
plained as tilted fault-blocks; and again 
farther north in the still low-lying Siberian 
steppe, degraded to small relief on crystalline 
and deformed stratified rocks in the neighbor- 
hood of Semipalatinsk. W. M. D. 


MERZBACHER’S TIAN SHAN EXPEDITION 


A MUCH more detailed exploration of the 
Tian Shan, especially around Khan Tengri, 
was carried on by Merzbacher’s expedition in 
1902-3, of which the fuller reports are now 
publishing; but neither in his preliminary 
report (Pet. Mitt. Erganzhft, 149, 1904; also 
‘The Central Tian Shan Mountains,’ London 
and New York, 1905) nor in a recent descrip- 
tive article (‘Der Tian-Schan oder das Him- 
melsgebirge, Zft. D. und O. Alpenver., 
XXXVII., 1906, 121-151; excellent photo- 
graphs) does this explorer give particular ac- 
count of the Syrt, not even to the remarkable 
slanting table-top of Mt. Catherine (Fig. 2); 
his attention being chiefly directed to the 
grand massif of Khan Tengri and its great 
system of radiating glaciers. However, his 
geologist, H. Keidel, in a report on the scien- 


Fie. 2. Mt. Catherine (about 19,500 ft.), from 


‘ photograph by Merzbacher, taken on Ak-bel Pla- 


teau (13,000 ft.), Tian Shan (The Centr, T. S. 
Mtns., plate opp. p. 177). 


tific results of the expedition (‘Geol. Uber- 
sicht itiber den Bau des zentralen Tian-Schan,’ 
Abh. k. Bayer. Akad. Wiss., IT. Kl., XXITI., 
1906, 91-192), makes it clear that the high- 
lands of the Syrt, with their astonishing even- 
ness of surface, are the result of Mesozoic 


(and early Tertiary ?) degradation of a pre- 


- 
NEES 
Nps J 
AA 
4 4 


396 SCIENCE 


viously deformed and folded mountain sys- 
tem; and that their present attitude and dis- 
section are due to Tertiary faulting and ver- 
tical displacement, the surface margins and 
slope of the faulted blocks being indifferent to 
the general geological structure of the region. 
As to the altitude of these surfaces of 
degradation before their sub-recent displace- 
ment, several opinions are held. Friederich- 
sen suggests that they originated in interior 
basins, unrelated to the general baselevel of 
the ocean, and hence that their present alti- 
tude need not differ so very greatly from the 
altitude in which they were degraded (Pet. 
Mitt., I., 1904, 272-273). Keidel explicitly 
states that it is as yet undetermined whether 
the present relief of the highland is due to 
elevation of the degraded masses or to sinking 
of the surrounding region. The undersigned 
has expressed the opinion that the even sur- 
faces of degradation are uplifted members of 
a once far-extending peneplain. which bore 
residual mountains and mountaih groups here 
and there; the best-finished part of the pene- 
plain being seen still in or near its attitude 
of degradation in the neighborhood of Semi- 
palatinsk, while other parts farther south have 
been faulted, uplifted and tilted in blocks of 
various areas, altitudes and attitudes (‘The 
Bearing of Physiography upon Suess’s The- 
ories,’ Amer. Journ. Sci., X1X., 1905, 265- 
273). Hence, according to the second and 
third of these views, it would appear that the 
Tian Shan, like various other mountains, 
must be withdrawn from the class of forms 
whose present altitude, in relation to their 
surroundings, is due to crustal compression. 


W. M. D. 


THE SYSTEMATIO STUDY OF MOUNTAINS 


Tue systematic study of mountain forms in 
accordance with the scheme of the physio- 
graphic cycle has presented difficulties, be- 
cause it has so seldom been possible to recon- 
struct with any fair degree of success the 
forms initiated by deformation, on which the 
sequential forms are then to be developed in 
due order by the processes of erosion. Sub- 
stantial relief from this difficulty is promised 
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in all those cases, now increasing in number 
yearly, in which mountains are shown to be 
not in the original cycle initiated by disorder- 
ly compression and folding, but in a later 
cycle, initiated by uplift or by relatively 
simple block faulting, after more or less ad- 
vanced peneplanation in a previous cycle. 
The systematic treatment of such mountains 
is relatively easy; for if they are not too much 
dissected the essential features of their initial 
forms may be easily determined and appre- 
hended; and their sequential forms are in the 
main equally within the reach of explanatory 
description. If to this be added the recent 
increase in the understanding of high-moun- 
tain sculpture by glaciers, first clearly gen- 
eralized by Richter and later presented in 
much detail for the Alps by Penck and Briick- 
ner, the possibility of developing a systematic 
method of mountain description does not seem 
so remote as it did a few years ago. 


W. M. D. 


SCIENTIFIC NOTES AND NEWS 
CoLoneL W. C. Goraas, chief sanitary officer 
of the Isthmian Canal Commission, has been 
appointed by President Roosevelt a member 
of the commission. 


Proressor Simon Newcoms has been elected 
honorary fellow of the Physical Society of 
London. 


THe steam yacht Virginia, on which Mr. 
Alexander Agassiz was making explorations 
in the West Indies, struck a submerged wreck 
on February 11, and was obliged to go to San 
Juan under sail, where it was placed in dry 
dock. 


Proressor T. W. Ricwarps, of Harvard 
University, will sail for Germany on March 9, 
in accordance with the arrangements for an 
exchange of professors between Harvard Uni- 
versity and the University of Berlin. Pro- 
fessor Richards will lecture on ‘The Funda- 
mental Constants of Physical Chemistry” A 
laboratory has been fitted up for Professor 
Richards by Dr. Arthur Staehler, who last 
year worked with him at Harvard University. 
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Mr. F. Darwin has been nominated to rep- 
resent Cambridge University at the celebra- 
tion of the two hundredth anniversary of the 
birth of Linnzeus, to be held at Upsala in May. 


Mr. H. F. Newatu, of Trinity College, Cam- 
bridge, assistant director of the observatory, 
has been elected president of the Royal Astro- 
nomical Society, in succession to Mr. W. H. 
Maw. 

Tue Carnegie Institution has renewed its 
grant of $2,000 to Dr. A. A. Noyes, professor 
of physical chemistry at the Massachusetts 
Institute of Technology. 


Ar the celebration of Washington’s Birth- 
day at Lehigh University, the honorary de- 
gree of doctor of science was conferred on 
Arthur Arton Hamerschlag, director of the 
Carnegie Technical Schools of Pittsburg, Pa. 
The orator of the day was the Hon. W. U. 
Hensel, of Lancaster, Pa., ex-attorney general 
of Pennsylvania. 


Proressor G. Cantor, of Halle, has been 
made an honorary member of the Russian 
Mathematical Society. 


Proressor H. M’Legop, F.R.S., director of 
the Royal Society’s catalogue of scientific 
papers, will receive the honorary degree of 
LL.D. from the University of St. Andrews on 
April 2. 

Tue administration of the new president of 
Brazil, Dr. Affonso August Moreira Penna, 
who was inaugurated on the fifteenth of 
November last, promises to open a new era 
for science in that country. For the portfolio 
of Industry, Highways and Public Works, he 
has called Dr. Miguel Calmon du Pin e AI- 
meida, formerly secretary of agriculture of 
the state of Bahia where he fully justified his 
reputation as one of the most able and far- 
sighted of the younger generation of Brazilian 
engineers and administrators. One of the first 
acts of Dr. Calmon was to initiate a general 
geological investigation of the country under 
the direction of the well-known geologist Mr. 
Orville A. Derby who organized and for many 
years directed the geographical and geological 
survey of the state of Sad Paulo. Mr. Derby 
will be assisted by such native and foreign 
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resident geologists as have made valuable con- 
tributions to the geology of Brazil. The new 
department is denominated Servico Geologico 
e Mineralogico do Brazil and will be located 
in Rio de Janeiro. The leading feature of its 
program is the rapid reconnaissance of the 
general geology of the country with detailed 
investigation of the districts that on account 
of their mineral wealth, deficiencies of water 
supply or other reasons offer special scientific 
and economic interest for investigation. Ow- 
ing to the lack of proper topographic maps, no 
systematic map work will for the present be 


attempted. 


Mr. W. R. Burtrensuaw, a scientific as- 
sistant in the imperial department of agricul- 
ture for the British West Indies, has been ap- 
pointed botanist in the agricultural depart- 
ment of India. 


Tue tenth lecture in the Harvey Society 
course will be given at the New York Academy 
of Medicine on March 8, at 8:30 p.m, by Dr. 
Friedrich Miiller, professor of medicine at the 
University of Munich, Germany, on ‘ Neuroses 
of the Heart.’ This is the last lecture of the 
present year’s series. All interested are in- 
vited to be present. 


Proressor ANDREW C. Lawson, of the Uni- 
versity of California, presented an address 
before the Washington Academy of Sciences 
on January 31, 1907, on ‘The Dominant Tec- 
tonie Lines of California.’ It was discussed 
by Drs. G. F. Becker, Waldemar Lindgren 
and Ralph Arnold. Dr. Charles B. Daven- 
port, director of the Laboratory for Experi- 
mental Evolution of the Carnegie Institution 
of Washington, Cold Spring Harbor, L. L., 
addressed the Washington Academy of Sci- 
ences on February 26, 1907, on ‘ Heredity and 
Mendel’s Law.’ The address was illustrated 
by lantern slides and was discussed by Pro- 
fessors O. F. Cook and W. J. Spillman. 


Proressor Cartes Patacue, of Harvard 
University, delivered in February a course of 
six lectures in the Geological Department of 
the University of Wisconsin on the subject, 
‘Recent Developments in the Study of Crys- 
tals.’ 
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At a meeting of the American Ethnological 
Society at the American Museum of Natural 
History, on March 4, a public lecture was 
given by Dr. George A. Dorsey, of Chicago, 
on ‘The Human Sacrifice Ceremony of the 
Pawnee.’ 

Mr. Frank M. Cuapman, of the American 
Museum of Natural History, has given a 
course of lectures on ‘ Bird-lore’ at Wellesley 
College. 

Tue fourth of the series of public lectures 
on ‘Problems of Insanity’ was delivered at 
the Academy of Medicine, New York City, 
on March 2. Subject: ‘The Development of 
the Legal Regulations concerning the Insane, 
with Suggestions for Reforms,’ by Dr. Allan 
McLane Hamilton. 

Proressor F. R. Hutton, head of the de- 
partment of mechanical engineering of Co- 
lumbia University, will deliver the principal 
address at the anniversary exercises of the 
Clarkson School of Technology at Pottsdam, 
N. Y., in commemoration of the charter day, 
on March 19. 

A MEETING in memory of the late William 
Wells Newell, secretary of the American Folk- 
lore Society, will be held at the first parish 
church, Cambridge, on the afternoon of March 
10. Among the speakers will be Colonel 
Thomas Wentworth Higginson, Professor Toy, 
of Harvard University, and Professor Boas, 
of Columbia University. 

Proressor WILHELM vON Bezoup, director 
of the Royal Prussian Meteorological Insti- 
tute, died on February 17 in his seventieth 
year. 

Tue deaths are announced of Professor 
Nicholas Menschutkin, professor of chemistry 
at St. Petersburg; of Dr. Johann Rajewski, 
associate professor of mathematics at Lem- 
berg, and of Dr. K. Harz, professor of botany 
at the Veterinary School at Munich. 


THE position of resident naturalist at the 
Station of the Marine Biological Association 
of San Diego will be vacant after June 1, 
1907. A student well advanced toward the 
doctor’s degree should, provided he has had 
considerable experience in marine biology, be 
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competent for the place. Inquiries may be 
addressed to Professor Wm. E. Ritter, Uni- 
versity of California, Berkeley, Calif. 


Tue Treasury Department announces that 
an examination will be held at Washington 
on April 15 to examine candidates for as- 
sistant surgeonships in the U. S. Public 
Health and Marine-Hospital Service. Candi- 
dates must be between twenty-two and thirty 
years of age. The salary is $1,600, with quar- 
ters provided. On April 29 there will be an 
examination for assistant surgeons in the 
army, there being at present twenty-five vacan- 
cies. 


THERE will be civil service examinations on 
March 13 and 14 for the position of engineer- 
ing and hydrographic aid, at salaries ranging 
from $720 to $1,200 per annum, in the Re- 
clamation Service and Geological Survey. It 
is probable that from eight to ten hydrographic 
aids will be required for service under the 
Geological Survey. From the eligible list sec- 
ondary positions in the engineering and hydro- 
graphic corps will be filled, with a salary of 
$900 and upward. On the same day there will 
be an examination to fill during the coming 
season twenty to twenty-five vacancies in the 
position of topographic aid in the Geological 
Survey, and vacancies as they may occur in 
any branch of the service requiring similar 
qualifications. The salary of this position is 
$900 per annum. ' 

Dr. W. Jarvis Bartow has presented to the 
Clinical Association of Los Angeles, for the 
use of the medical profession, a library build- 
ing, the cost of which was $32,000, apart from 
the ground. 

A vaporatory for oceanographical research, 
organized through the efforts of Mr. W. S. 
Bruce, leader of the Scottish Antarctic Expe- 
dition, was formally opened at Edinburgh by 
the Prince of Monaco during a visit to the 
city in January. The laboratory is installed 
in a portion of the Surgeons’ Hall. 


‘The British Medical Journal states that 
preparations for the next International Medi- 
cal Congress, which is to be held at Buda- 
Pesth in 1909, are already in active progress. 
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It has been decided that there shall be twenty 
sections, namely, anatomy, physiology, general 
pathology, therapeutics, internal medicine, 
surgery, Obstetric medicine; ophthalmology, 
children’s diseases, neurology, psychological 
medicine, dermatology, urology, laryngology, 
otology, stomatology, hygiene, forensic medi- 
cine, military hygiene, and industrial hygiene. 


A course of nine lectures upon science and 
travel has been arranged by the Field Museum 
of Natural History, Chicago, for Saturday 
afternoons in March and April, at three 
o’clock. These lectures will be illustrated by 
stereopticon views and will be given in Fuller- 
ton Hall, Art Institution, Michigan Avenue 
and Adams Street. The lectures are as fol- 
lows: 


March 2—‘The Iron Ores of the Minnesota 
Ranges,’ Professor C. W. Hall, University of 
Minnesota. 

March 9—‘ Scientific Notes on the Russian Con- 
vict Island of Sakhalin,’ Mr. Charles H. Hawes, 
M.A., University of Cambridge, England. 

March 16— Bird Husbandry,’ Dr. N. Dearborn, 
assistant Curator, Division of Ornithology, Field 
Museum of Natural History. 

March 23—‘ The Blackfoot Indians,’ Dr. Clark 
Wissler, Curator of Anthropology, American Mu- 
seum of Natural History. 

March 30—‘A_ Superposed Vegetation—The 
Plant Rusts,’ Professor J. C. Arthur, Purdue Uni- 
versity, Lafayette, Indiana. 

April 6—‘The Monuments of a Prehistoric 
Race,’ Mr. Frederick I. Monsen, New York. 

April 13— The Indiana of Nature—Its Evolu- 
tion,’ Professor W. S. Blatchley, State Geologist, 
Indiana, 

April 20—‘ How some Insects have solved the 
Problem of Life,’ Professor Herbert Osborn, Ohio 
State University. 

April 27—‘ Physiography and Life in Western 
Norway, Professor Mark S. W. Jefferson, State 
Normal College, Ypsilanti, Michigan. 


Quortine from the Betlage zur allgemeinen 
Zeitung for January 30, Nature states that an 
expedition is in course of being organized, 
under the auspices of the Royal Academy of 
Sciences of Berlin and the government of the 
Dutch East Indies, for the purpose of ex- 
ploring Java in search of further remains of 
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Pithecanthropus. The originator of the idea 
appears to be Frau Professor Selenka, widow 
of the late Professor Selenka, of Munich, who 
has already traveled extensively in Borneo for 
the purpose of collecting embryos of the orang- 
utan. Dr. Elbert is attached to the expedi- 
tion as geologist, whilst Dr. Maskowski, of 
Berlin, goes out as zoologist. A Dutch engi- 
neer, Mr. Oppenoorth, will have charge of the 
surveying and excavating operations. The 
Pleistocene volcanic breccia from which the 
original remains of Pithecanthropus were ob- 
tained by Professor Dubois at Trinil is be- 
lieved to have a wide extent in the mountains 
of Java, reaching in some places to a height 
of 100 meters or more above sea-level, and it is 
proposed to examine this stratum thoroughly 
in a number of the more promising localities. 


We learn from The American Museum 
Journal that the museum has acquired by pur- 
chase a collection from the Samoan Islands. 
Among other things this contains a complete 
outfit for the manufacture of bark or ‘ tapa’ 
cloth. In the manufacture of this cloth, 
single strips of bark from a species of mul- 
berry are prepared by scraping and soaking in 
water, after which they are ten out very 
thin by means of small wooden'clubs. These 
thin sheets, while still wet, are laid one over 
another and the whole beaten together to form 
a large sheet of uniform thickness. Such 
bark cloth is in some respects a kind of paper, 
but it is serviceable as cloth since it is not 
easily damaged by water. The finished cloth 
is often ornamented by printing, or rather 
rubbing. For this purpose designs in relief 
are carved on wood or built up of palm-leaf 
cuttings, upon which the cloth is laid and 
rubbed with sticks of coloring matter, like 
crayon. This leaves an impression of the 
raised portion of the carving similar to that 
produced when a school-boy rubs the impres- 
sion of a coin into the fly-leaf of his book. 
Aside from the tapa outfit, the collection con- 
tains several handsome pieces of finished cloth 
and a number of costumes, household utensils 
and other implements. It is proposed to in- 
stall this collection together with other ma- 


terial in the museum as a special exhibit from 
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one of the colonial possessions of the United 
States. 


UNIVERSITY AND EDUCATIONAL NEWS 


By the will of the late Mrs, Peter Redpath, 
of the Manor House, Chiselhurst, England, 
McGill University will receive $150,000 for 
the Peter Redpath Museum and the Peter 
Redpath Library. Of this sum $120,000 is 
for the library and $30,000 for the museum. 
The library will receive in addition the books 
of the Manor House Library. Both the li- 
brary and the museum were the gift of Mr. 
Redpath. 

Ir is announced that Mrs. Russell Sage has 
given an additional $50,000 for the school at 
Sag Harbor. 

Yate University has received a bequest of 
$10,000 from Mr. John J. Abernethy for the 
establishment of a fellowship. 


Tue New York Evening Post states that in 
a few weeks ground will be broken at Home- 
wood, the new site of Johns Hopkins Univer- 
sity, for the botanical gardens and laboratory, 
while the clearing away of the ground set 
apart for the houses of the faculty is being 
pushed rapidly. It is expected that the botan- 
ical gardens and laboratory will be in use by 
the close of the year. 


THe new building for the College of Physi- 
cians and Surgeons, San Francisco, was for- 
mally dedicated on January 18. Dr. Winslow 
Anderson, president of the institution, deliv- 
ered the address, 


New buildings are being erected for the 
Schools of Mines and Metallurgy of the Penn- 
sylvania State College, of which Professor 
Wadsworth is dean. These buildings are to 
be thoroughly equipped and when finished will 
cover a ground space of some twenty-one 
thousand square feet. 


Accorpine to the British Medical Journal 
a meeting of professors of the University of 
Warsaw, now closed, was recently held under 
the presidency of Professor Amalizki with the 
object of selecting a place for the establish- 
ment of a new Russian university. The 
choice appeared to be between Saratow and 
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Woronesch. The former city was said to be 
prepared to contribute a million roubles, while 
the latter offered 950,000 roubles. 


At the annual midwinter commencement of 
the University of Nebraska, held on the thirty- 
eighth anniversary of its charter day on Feb- 
ruary 15 thirty-four students were graduated. 
Nineteen of these were bachelors of arts, thir- 
teen bachelors of science and two bachelors of 
law. 

THe summer school of New York Univer- 
sity will offer a number of courses in advanced 
chemistry under Professor Arthur B. Lamb, 
director of the Havemeyer Laboratory, and 
Professor Martin A. Rosanoff. These courses 
will include a lecture course in physical chem- 
istry, a laboratory course in physical chem- 
istry, a laboratory course in electrochemistry, 
a laboratory course in organic synthesis, and 
a laboratory course in organic analysis. In 
addition to these courses the usual work in 
general chemistry, qualitative analysis and 
quantitative analysis will be offered. 

GeNeRAL James A. Beaver, ex-governor of 
Pennsylvania, judge of the Superior Court 
and president of the board of trustees of the 
Pennsylvania State College, has been elected 
president of that institution. Dr. Judson P. 
Welsh, who was principal of the Bloomsburg 
State Normal School for many years, has been 
elected vice-president and business manager. 

A cua of industrial chemistry has been 
established at the University of Kansas to be 
occupied by Professor Robert Duncan. 

Dr. Ivory FRANZ, psychologist to 
the Government Hospital for the Insane, has 
been appointed professor of experimental psy- 
chology in the George Washington University. 

Ar the College of the City of New York 
George M. Hayes, of St. John’s College, has 
been appointed tutor in mathematics, and the 
following tutors have been promoted to in- 
structorships: Dr. Coffin, physics; Dr. Gut- 
man, chemistry; Dr. Cohen, mathematics. 

Proressor Tuomas Lovepay, professor of 
philosophy at the South African College, Cape 
Town, has been appointed librarian to the 
University of Sheffield. 


